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this Hone*. 



Digitized by GoOgle 



ANNUAL EEPO&T OF THE BOAED Of &fi6£NTS 

OF THE 

SMITHSONIAN INSTITUTION, 

8HO WINO 

THE OFERATIONB» EZPEKBITCBES, A3SfD CONDITION OF THE INSTI- 
TOTION UP TO JAKUABY, 1884, AND THE FBOCEBDINGS 
OF THE BOASD DP TO HABCH 16, 1864. . 



To the Senate and House of Bep^emUatives : 

In obedience to the act of 0oQ§pre8B of Augast 10, 1846, establish- 
ing the Smithfloiuaii loBtitntioii, the imderaigDed, in hehalf of the 
Begente, mibmit to OongpreM, as a report of the opefations, ezpendi- 
tnres, and condition of the In8titnti9!D, the following docnmente: 

1. The Annnal Report of the Secretary, giving an aooonnt of the 
operations of the Institution, during the year 1863. 

2. Report of tlio Executjve Committee, giving a general statement 
of the proceeds and disposition of the Smithsonian fund, and also an 
account of the expenditures for the year 18G3. 

3. Proceedings of the Board of Begents up to March 16, 1864. 

4. Appendix. 

BeBpectftilly rabmitted, 

B. B. TANBT, OlIkmeeQor. 
J0S6PH HENBY, Seontary, 
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OF THE 

1 

SECIIETAEY OF THE SMITHSUAIM IJiSTITUtlON, 

COMMUMICATING 

THE AliNLTAL REPORT OF THE OPERATIONS, EX1>£NDITURES, AND CON- 
DITION OF THE INSTITUTION FOR THE YEAR 1863. 



JinvB 28, 1864.— Baad, and ordend to be printed. 



SUTHBOlTTAir IVSTITUTION, 

Washington, June 27, 1864. 
Sir : In behalf of the Board of Ret^ents, I have the honor to submit 
to thollouse of Representatives of iho United States the annual report 
of the operations, expenditures, and ooudition of the Smithsonian In* 
Btitution for the year 1863. 
I have the honor to be^ very respectfally, your obedient servant, 

JOSEPH HENRY, 
Becrdary SmxthBrnian Jw^t^u^toii. 

Hon. S. Colfax, 

Speaker of the Some of Bqpreaentatives. 
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GARKF/rr DAYTJ5. mcmhrr of tho Sonntp of the United States, (Keatnokjr.) 

S. S. COX, member of tho House of Ropreseotatives, (Ohio.) 

J. W. PATTERSON, member of the House of RepreaeniatiTcs, (New Hampshire ) 

H. W. DAVIS, member of the Honee of Repraeentativee, (Uatjland.) 

W. B. AflTOR, dtoeii oTNew York. 

W. L. DAYTON, citizen of New Jeney. 

T. D. WOOLSEY, citizen of Connecticut. 

LOUIS AGASSIZ, citizen of Massachusr tts. 

ALLX^V^DER D. BACHE, citizen of Wftshington. 

JOSEPH G. TOTTEN, dtiaaaof Waahiogloii* 
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ABRAHAM LINX'OLN, Presidont of the United States. 

HANNIBAL HAMLIN, Vke-Piesident of the United Stnie«, 

W. H. SEWARD, Secretary of State. 

6. P. CHAS£» Secretftiy of tbe lYeaaury. 

E. M. 8TANT0N, Secretary of War. 

n WELLES, Secretary of tlioNavy, 

M. BLAIK, Fostumster Goueral. 

E. BATES, Attorney General. 

BOGBR B. TANEY, CUef Justiee of tto Utiitea States. 

D. P. HOLLO WAY, Commiaeioner of Pbteate. 

BICHABD WALLACH, Mayor of tbe City of Washington. 



HOKORABY KEHBEBB. 



BENJAMIN SILLIMAN. of ConneettonL 

J. P. USHEB, Secvetaiy of the limnor, (ex •iSei^ 



PROGRAMML OF OKGAxMZATION 

or TI1B 

SMITILSOx^IAN lA^STITUTION. 



CPRESENTKD IN THE 1 ri?ST ANNTAI REPORT OF THi: SECRETARY, AND 
ADORED BY THE BOABU OIT BEQBNTS, DXCEMBE& J3» 1647.3 



INTRODUCTION. 

General consideraiiom whidi should serve as a guide in adopting a Flan 

of Oi (jauization. 

1. Will op Smithson. The property is bequeathed to tbe United 
States of America, "to found at Washington, under the name of the 
Smithsoxian Institution, an establishment for the increase aod dif- 
fusion of knowledge among men.*' 

2. The bequest is for the beueiit of mankind. Tht> govuniUieut 
of the Uoited States is merely a trustee to carry out the design of 
the testator. 

3. The Institiition is not a national establishment, as is frequently 
supposed, but the establishment of an individual, and is to bear and 

perpetuate his name. 

4. The objects of the Institution are, 1st, to increase, and, 2d, to 
difl'use knowledire among men. 

5. These two objects should not be confounded with one anotlier. 
The first is to enhirge the existing stock of knowledge by the addition 
of new truths j and the second, to dissemiuato knowledge, thus in- 
creased, among men. 

6. The will makes no restriction in faror of any particular kind of 
knowledge; hence all branches are entitled to a share of attention. 

7. Knowledge can be increased by different methods of facilitating 
and promoting the discovery of new truths; and can be most exten* 
sively dill'used among men by means of the press. . . 

8. To effect the greatest amount of good, the organization should 
be such as to enable the Institution to produce results, in the way of 
increasing and diffusing knowledge, which cannot be produced either 
at all or so efficiently by the existing institutions in our country. 

9. The organization should mIso be such as can be adopted pro- 
visionally; can be easily reduced to practice, receive modifications, 
or be abandoned, in whole or in part, without a sacrifice of the funds* 

10. In order to compensate, in some measure, for the loss of time 
occasioiied by the delay of eight years in establishing the Institution, 
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a considerable portion of the interest which has accrued ehould be . 
added to the principal. . • ' 

11. In proportion to the wide field of kkiowledge to be cnltitated, 
tbe funds are small. Economy should therefore be consulted in the 
constmotion of the bnilding; and not only the first cost of the edifice 
should be considered, but also the continual expense of keeping it in 
repair, and of the support of the establishment necessarily connected 
witli it. There should also be but few individuals permanently sup- 
ported by the Institution. 

12. The plan and dimensions of the building should be determined 
by the plan of ore^anization, and not the converse. 

13. It should be recollected that mankind in general are to be 
benefited by the be(jaest, and that, therefore, all unnecessary ez« 
penditure on local objects would be a perversion of the trust. 

14. Besides the foregoing considerations deduced immediately from 
the will of Smithson, regard must be had to certain requirements of 
the act of Congress establishing the Institution. These are, a library, 
a Tuuseum, and a gallery of art, with a building on a liberal scale to 
contain them. 

SECTION I 

Flan cf Organimtion of tJie Instiivhon in accordance vHth the foregoing 

deductions /rom iJic will of SmilJiaon* 

To INCSBASB KN0WLED6B. It is prapOBOd — 

1. To stimulate men df talent to make origin^ researches, by offer- 
ing suitable rewards for meinoirs containing new truths; and, 

2. To appropriate annually a portion of the income for particular 
researches, under the direction of suitable persons. 

To DIFFUSE KXOWLEDGE. It i 8, proposed — 

1. To publi-^h ;i Forios of periodical reports on the progress of the 
difl'erent branciies uf knowledge; and, 

2 To publish occasionally separate treatises on subjects of general 
interest. 

DETAILS OF THE PLAN TO INC&EAS£ KNOWLEDGE. 
L — By sttmutating researches. 

1. Facilities to be afforded for the production of original memoirs 
on all branches of knowledge. 

2. Tl^e memoirs thus obtained to be published in a series of toI- 
umeH, in a quarto form, and entitled Smithsonian Contributions to 
Knowledge. 

3. No memoir on subjects of physical science to be accepted for 
publication which does not furnish a 'positive addition to human 
knowh d,o:o, resting on original research; and all unverified specula* 

tions to be rejected. 

4. Earli memoir presented to the Institution to be submitted for 
ojLamination t.o a commission of persons of reputation for ieurning in 
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tbe branch to whioh the memoir pertains ; and to be accepted for 
publication only in case the report of this commission be favorable. 

5. The commission to be chosen by the ofllcers; of the Institution, 
and the name of the author, as far as practicable, concealed, unless 
a favorable decision be made. 

6. The volumes of the memoirs to be exchanged for the transac- 
tions of literary and scientific societies, and copies to be given to all 
tbe colleges and principal libraries in this country. One part of the 
remaining copies may be offered for sale ; and the other carefully 
preserved, to form complete sets of the work, to supply the demand 
from new institutions. 

*1. An abstract, or popular account, of the contents of these me- 
moirs to be given to the public through the annual report of the 
Kegents to Congress. 

« 

IL — By approprmtwg a part of (he income, amimUy, to special objects 
of reaearch^ luider the direction of suilabk peosons, 

1. The objects, and tlic amount appropriated, to be recommended 

by counsellors of the Institution. 

2. Appropriations in dififcrent year? to different objects, so that, 
in course of time, cacli In anch ol knowledge may receive a share. 

3. The results obtained from these appropriations to be published, 
"with the memoirs beloro mentioned, in the volumes of the Smithso- 
nian Contributions to Knowledge, 

4. Examples of objects for which appropriations may be made. 
(1.) System of extended meteorological observations for solving the 

problem of American storms. 

(2.) Explorations in descriptive natural history, and geological, 
magnctical, and topographical surveys, to collect materials for the 
formation of a pliysicnl ntlaa of the United States. 

(3.) Solution of experimental problems, such as a now determina- 
tion of the weight of the earth, of the velocity of electricity, and 
of lip^ht : chemical analyses of soils and plants; collection and publi- 
cation of scientific facts uccumulated in the offices of government. 

(4.) Institution of statistical inquiries with reference to physical, 
moral, and political subjects. 

(5.) Historical researches and accurato surveys of places celebrated 
in American history. 

(6.) Ethnological researches, particularly with reference to the dif- 
ferent races of men in North America ; al?o. explorations and accurate 
surveys of the mounds and other remains of the ancient people of 
our country. 

DETAILS OF THE FLAN FOB DIFFUSING KNOWLEDGE. 

I. — By the puUicatmi of a series of reports, giving an account of the new 
discoveries in science, and of the changes made from year to year in 
all brandies of kuoidedge not sirlotly professional. 

1. These reports will diffuse a kind of knowledge generally inter- 
esting, but which, at present^ is inaccessible to the public. Some of 
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the reports may be published aunnally, others at longer intervals, as 
the income of the Institation or the changes in the branches of 

knowledge may indicate. 

2. The reports arc to be prepared bj collaborators eminent in the 
different branches of knowledge. 

3. Each collaborator to be furnished witli the journals and publi- 
cations, domestic and loreigu, necessary to the compilation of bia 
report ; to be paid a certain sum for his labors, and to be named on 
the title-page of the report. 

4. The reports to be published in separate parts, so that persons 
interested in a particular branch can procure the parts relating to it 
without purchasing the whole. 

5. These reports may be presented to Congress for partial distri- 
bution, the remaining copies to be given to literary and scientific 
institutions, and sold to individuaU for a moderate price. 

The following are some of the subjects which may be embraced in 
the reports : 

I. PHYSICAL CLASS. 

1. Physics, including astronomy, natural philosophy, chemistry, 

and meteorolopry. 

2. Natural lii story, including botany, zoology, geology, &q, 

3. Ap;riculture. 

4« Application of science to art. 

It MOEAL ASD POLITICAL CLA8& 

5. Ethnology, including particular history, comparative philology, ■ 
untiquities, &c, 

6. Statistics and political economy. ^ 

7. Mental and moral philosophy. 

8. A survey of the political events of the world, penal reform, Ac 

IIL UX£RATU££ ASJ> TH£ 1 A&IS. 

9. Modem literature. 

10. The fine arts, and their application to the useful arts. 

11. Bibliography. 

12. Obituary notices of distinguished individuals. 

II. — By tJte publdcaiion qf s^raU treaUses on 9ulQect$ of general irUeresL 

«1. These treatises may occasionally consist of valuable memoirs 
translated from foreign languages, or of articles prepared under the 
. direction of the Institution, or procured by offering premiums for the 

best exposition of a given subject. 

2. The treatises should, in all cases, be submitted to a commission 
of competent judges previous to their publication. 

3. As cxampleb of these treatises, expositions may be obtained of 
the present ttatc of the several branches' of knowledge mentioned in 
the table of reports. 
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SECTION II. 

Plan of organization, in accordance mith the ternia of the resof idiom of 
the Board of Jiegcnia jproviding for tJie two modes (f increasing and 

diffusimj knowledge, 

1. The act of Congress establishing the Institution contemplated 
the formation of a library and a museum ; and the Board of Kegjents, 
including these objects in the plan of orgamzatioii, resolved to divide 
the income* into two equal partes. 

2. One part to be appropriated to increase and dilTuse knowledge 
by means of publications and researches, agreeably to the scheme 
before given. The other part to be appropriated to the formation of 
a library and a collection of objects of nature and of art. 

3. These two plans are not incompatible one with another. 

4. To carry out the plan before described, a library will be reqniredt 
oondistiDg, first, of a complete collection of the transactions and pro- 
ceeding:s of all the learned societies in the world : second, of the ir ire 
important current periodical publications, and other works necessary 
in preparing the periodical reports. 

6. The Institution should make special collections, particularly of 
objects to illustrate and verify its own publications. 

6. Also, a collection of instruments of research in all branches of 
experimental science* 

7. With reference to the collection of books, other than those men* 
tioned above, catalognes of all the different libraries in the United 
States should be procured, in order that the valuable books first pur- 
chased mav be such as are not to be found in the United States. 

8. Also, catalogues of memoirs, and of books and other materials, 
should be collected for rendering the Ifestitutiou a centre of biblio- 
graphical knowledge, whence the student may be directed to auy 
work which he may require. • 

9. It is believed that the collections in natural history will increase 
by donation as rapidly as the income of the Institution can make pro- 
wion for their reception, and, therefore, it will seldom be necessary 
to purchase articles of this kind. 

10. Attempts should be made to procure for the gallery of art ca^ts 
of the most celebrated articles of ancient and modern sculpture. 

11. The arts may be encouraged by providing a room, free of cx- 
jM 11^ ', for the exhibition of the objects of the Art-Union and other 
similar societies. 

12. A small appropriation should annually be made for models of 
antiquities, such as those of the remains of ancient temples, <&c. 

13. For the present, or until the building is fully completpd, be- 
sides the Secretary, no permaaent assistant will be required, except 
one, to act as librarian* 



o Tlie amoTint of the Smithaomian beqpMrt XMeived into the Treasoiy of the 

United states is ^ $51&»169 00 

Xnternt m ihe niae to Jfily 1, 1846» (devoted to fhe enotioa of the fatiild* 

Ing) 212,120 00 

AmiUAl income fsom the be^j^ueat .••«..•• 30, 910 H 
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14. The Secretary, by the law of Congress, is alone Teeponsible to 
the Begents. He shall take charge of the IniildiDg and property, 

keep a record of prococdin,^?, discharj^e the duties of librarian and 
keeper of the museum, and may, with the consent of the Eegents, 
employ assistants. 

15. The S'^cretary and his assistants, durin<^ the session of Congress, 
will be required to illustrate new discoveries in science, and to exhibit 
new objects of art; distingaiBhed individuals should also bo invited to 
give lectures on subjects of general interest. 



This programme, which was at first adopted provisiooally, has 
become the settled policy of the Institution. The only material 
change is tliat expressed by the following resolutions, adopted Jan- 
uary 15, 1^5.), viz : 

Ilcsolvcd, Tiiat the 7th resolution parsed by the Board of Regents, 
on the 2Glh of January, 1847, requiring an equal division of the in- 
come bct^veen the active operations and the museum and library, 
when tho buiklings are completed, bo, and it is hereby, repealed. 

liesolved^ That hereafter the annual appropriations shall be appor- 
tioned specifically among the different objects and operations of the 
Institution, in such manner as may, in the judgment of the Begents, 
be necessary and proper for each, according to its intrinsio impor* 
• tance, and a compliance in good faith with the law. 
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To the Board <^ Beqm^: 

GsNTLBMBir : I have the honor to preaentt at the commenoement 
of another session of your honorable board, the aonnal report of the 

condition and transactions of the Smithsoniau Institution during the 
year 18G3. 

Tile general upcrutions of the Institution are so uniform from year 
to year that the several annual reports can differ bat little from 
each other \ the usual order will, therefore, be observed in this oom* 
ninnicafion, with only such yariations as the special incidents of the 
year may require* 

It will be seen by the report of the Exeontive Committee that the 
finances of the Institution are in as favorable a condition as the stato 
of public affairs would authorize us to expect. First. The whole 
amount of money originally derived from the bequest of Smithson is 
still in the treasury of the United States, bearing interest at six per 
cent., paid semi-annually, and yielding $30,910. Second. Seventy- 
five thousand dollars of an extra fnnd are in bonds of the State 
of Indiana, at five per cent, interest, also paid 8emi*annually, yield- 
ing $3,750. Third. Fifty-three thousand five hundred doUars of the 
same fund are in bonds of the State of Virginia, twelve thousand in 
those of Tennessee, and five hundred in those of Georgia, from which 
nothing has been derived since the commencement of the war. Fourth. 
A balance of upwards of $32,000 is now in the hands of the treasurer 
of the Institution. 

The unsettled accounts at the close of the year do not exceed two 
thousand dollars. 

From this statement it appears that the Institution, after erecting 
a building, accumulating a large library and an extensive museum, 
supplying the principal museums of the world with specimens of 
natural history, and publishing a series of volumes which have been 
distributed to all first-class libraries abroad, and still more extensively 
at home, has upwards of ouo hundred thousand dollars in addUiuu 
to the money received from the original bequest. In addition to 
this, the stocks of Virginia and Tennessee are quoted at about half 

■ 
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their par value, and {t may be a qneation whether they ahoiiid not be 
disposed of and the money otherwise invested. 

A part of the original bequest, amoQDting to £5,015, was left by 
Mr. Rush in England, as the principal of an annuity to bo paid to the 
mother of the nephew of Smithson. The annuitant having died, a 
power of attorney was sent, in November, 1862, to Messrs. Fladgate, 
Clark & Finch to collect the money; but it has not j^et been received. 
Although the whole legacy was awarded to Mr. Bash in behalf of 
the United BtateSi after an amicable suit in chancery, varioos objections 
have- been raised to allowing the small remainder to be sent to this 
country. These objections appear to be principally of a technical 
character, and are scarcely compatible with an equitable interpretation 
of the facts of the case. There should be no prejudice in England 
in regard to the construction placed upon the terms of the bequest and 
the policy which has been adopted, since one hnndred and sixty- 
nine institutions in Ghreat Britain and Ireland are recipients of the 
Smithsonian publications and specimens of natural history, and hav9 
enjoyed the advantages of its system of intematibnal exchange. 

Although the financial affairs of the Institution are still in a favor- 
able condition, its ability to produce results is naaterially diminished 
on account of the advanced prices of labor and materials, and espe- 
cially the high rate of exchange under which its foreign operations 
are necessarily conducted. Still, all parts of the general system 
have been carried on with less abatement than might have been 
expected, as will be seen from the following account of the variooa 
operations : 

Publications. — The publications of the Institution, as stated in pre- 
vious reports, consist of three series : 1st, Contributions to Knowl- 
edge ; 2d, Miscellaneous Collections ; and, 3d, Annual Beports. 

The Contributions include memoirs, embracing the records of origi- 
nal iuTestigations and researches, resulting in such new truths as are 
considered interesting additions to knowledge. Twelve volumes in 
quarto of this series have been published, and the thirteenth is nearly 
ready for distributidn. 

The Miscellaneous Collections include works intended to facilitate 
the study of the various branches of natural history, to give instruc- 
tion as to the method of observing phenomena, and to furnish a 
variety of other matter connected with the progress of science. Of 
this series four large octavo volumes have been issued, and two more 
are nearly completed. 
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The Annual Beports tn Congress consist, each, of an'octayo vohinie 

of 450 pages. They contain the report of the Secrotary on the 
operations and condition of the Institatioo, the procoedinga of the 
Regents, and an appendix, giving a Bynopsis of the lectures delivered 
at the Institution, extracts from correspondence, and articles of a 
character snited to meteorological observersi to teachers, and other . 
persons especially interested in the promotion of knowledge. 

The thirteenth volume of the Oontribntions hae been completed, 
and is now in the hands of the .bi^kder. It contains the following 
original papers: 

1. Tidal Observations in the Arctic Seas ; by Blisha Kent Kane, 
M. D : made dnring the second Qrinnell Expedition in Search of Bit 
John Fiaiikii]! m 1853-55. Reduced and discussed by Ciiaries A. 
Schott, ass^istant United States Coast Survey. 

2. Meteorological Observations in the Arotic Seas j by Sir Leopold 
McClintock ; made on board the Arctic searching yacht "Fox" in 
Baffin' s Bay and Prince Begent' s Inlet in 185 W 69« Seduced and dis- 
cussed by Charles A. Sohott, assistant United States Coast Survey. 

3. Ancient Mining on the shores of Lake Superior. By Charles 
Whittlesey. 

4. Discussion of the Magnetic and Meteorological Observations 
made at the Girard College Observatory, Philadelphia, in 1840-45. 
Part II. Investigation of the Solar-Diurnal Variation of the Magnetic 
Declination and its Annual Inequality. By A. D. Baohe, Superin- 
tendent Coast Survey. 

5. Part III. Investigation of the Lunar Effects of the Magnetic 
Decimation. By A. D. Bache. 

B, Parts IV, V, VI. Horizontal Force, investigation of the ten 
or eleven year period, and of the disturbances of the horizontal 
compoTiont f>f the magnetic force ; investigation of the Polar-diurn;il 
variation and of the annual inequality of the horizontal force, and of 
the lunar effect on the same. By A. D. Bache. 

7 . Records and Results of a Magnetic Survey of Pennsylvania and 
parts of adjacent States in IS40, 1841, with some Additional Records 
and Results of 1834, 1835, 1843, and 1862, and a Map.' By A. I>. 
Bache. 

8 . ' Researches upon the Anatomy and Physiology of Respiration in 
the Chelonia. By S. Weir Mitchell, M. D., and (George R. More- 
house, M. D. 

Accounts have been given in previous reports of all the papers 
contained in this volume, excepting that on the Chelonia. Tiu^ 
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paper, by 8. Weir Ifitcbell, M. D., and George B. Horehoii8e« M. D., 
of Philadelphia, is a very complete study of the anatomy and pbysi* 
ology of the breathing organs in turtles . It seems that, although at 

one time, and by a single observer, the true mode of the brealhiiig 
of these animals was partiallv understood, it had lonpj been neglected, 
» and modern physiologists liave taught that turtles forced air into the 
luDgs as do frogs* Drs. Mitchell and Morehouse have shown that 
turtles breathe like mammals, by drawing air into the lungs by t(ie 
aid of muscles situated in the flanks and on the outside of the lungp. 
Their paper contains a detailed account of the anatomy of the breath- 
ing organs of turtles, and is illustrated with numerous wood-cuts. 
The most novel discovery described by the authors is that of a chiasm 
or crossing from side to side of a portion of the nerves which supply 
the muscles of the larynx. Except the well-known facts as to similar 
crossings within the skull, no previous author has described any simi- 
lar extra-cranial arrangement of nerves. TIio physiological nse<? of 
the laryngeal chiasm has been fully studied by Drs. Mitchell and 
Morehouse ; and more recently Professor Wyman, led by their dis* 
oovety, has described similar nerve arrangements in serpents and in 
certain birds. 

The authors express their indebtedness to the Smithsonian Insti- 
tution for the aid with which they were furnished in obtaining the 
requisite specimens for experiments and for dissection. 

The following papers have been accepted for publicatiou, and will 
form parts of the fonrtcenth volume of Ooutribntions : 

let. Three additional parts of the series of discussion of the mag- 
netic observations at Girard College, by Professor A. D* Bache. 

2d. The result of a series of microscopical studies of the medulla 
oblongata, or the upper portion of the spinal marrow, by Dr. John 
Dean. 

3d . A memoir on the palaeoiitology of the Upper Missouri, by F, B. 
Meek and F. V. Ilayden. 

4th. An account of the photographical observatory and various 
experiments in regard to this subject, by Dr. Henry Draper, of New 
York. 

5th. A monograph of the "Laridss'' or gulls, by Dr. Elliott Oones. 
All these memoirs, except the last, are in the hands of the printer, 

or in process of illustration by the engraver. 

lu several of the preceding reports an account has been given of a 
series of reductions of the magnetic observations made from 1840 to 
1845, inclusive, at Girard College, Philadelphia, by Professor Bache. 
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Tbe first two of the papers of this series related to what is called the 
dleven-year period of the yariaiioD of the needle, which correepoads 
with the reooirence and freqnenoj of the spots on the sun. The 
third papeir lekles to the infliieiioe of the moon on the variation of 
the needle. Tbe fourth refers to iho change in the horizontal part 
of the force of the earth's magnetiBm coinciding with the eleven- 
year period of the spots on the sim. The ilffch relates to the e^ct 
of the sun in prodncing daily and annual variations in the horizontal 
conjpoaentof the magnetic force. The sixth relates to the lunar 
inliueiice on the horizontal magnetic force. 

A particular account has been given of the result of all these inves- 
tigattoos, whioh tend folly to corroborate the conclasions arrived at 
from observations in other parts of the world, that both the sun and 
moon are magnetic bodies^ and exert an inflaence upon the pohhrity 
^ the earth ; and also that the magnetism of the son has variations 
in Intensity which are in some way connected wiih the 'appearance 
of spots on its Burfi&ce, giving rise to the variations in those pertarba* 
tions of the needle which have been called magnetic storms, and 
which present a periodical recurrence at an interval of about eleven 
years. 

The inflaence of the moon is mnoh less marked than that of the 
son, and appears to be more analogous to the temporary magnetism 
indnced in soffc 

Parts ynyYin, stnd IX of this series, now in the press, are a con- 
tuination of the same snbjeot. ' Part *Yn contains tbe discossion of 
the effect of a change of temperature on the readings of the vertical 

force instrument. " * 

If a magnetic needle could be supported perfectly free in Fpace, so 
as to assume the direction into which it would be brought by the 
magnetic action of the earth, it would arrange itself in the line of 
what is called the dip, or the inclination of the needle. At the mag- 
netic eqnator of the earth sncb a needle wonld be parallel to the 
horizon, but, departmg from this line either to the north or the south, 
the inclination wonld increase contiDually nnlil we arrive at the mag- 
netic pole, when it would be vertical. It is plain that the i'ali magnetic 
force of the earth, in the line of the dip, may be resolved into two 
. others, viz., a horizontal force, or that which draws the ordinary 
magnetic needle back to the meridian when it has been deflected 
from tins position : and, second, the vortical force which tends to 
draw the end of the needle down into the line of the dip. The fre- 
2s 
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qucDcy of TibratioDS of a magnetic bar suspended by an nntwisted 

thread, so as to be horizontal, gives the horizontal component of the 
force of the earth, while the vibrations of a similar bar placed in the 
plane of the dip, and poised horizontally like a scale-boam on two 
knile-edgcs, give? tbo variations in the vortical force. These vibra- 
tions, however, will be affected not only by the changes in the mag* 
netism of the earth, bat by that in the bar itself ; and as the latter 
is affected by the tempejatnre of the place, a series of observations 
and discnsaions was necessaiy to ascertain the corrections dae to this 
cause. For this purpose the room was artificislly heated wdd cooled ; 
but the value of the correction was finally deduced from an investi- 
gation of the whole series of regular observations compared with the 
changes of temperature indicated by tho hourly register of the ther- 
mometer. 

The corrections for temperature were afterwards applied to aU 
the observations. The larger disturbances were then separated from 
the body of the series in the same manner as had been done with 
regard to the horizofital force, by which means the effect of the 
monthly and yearly distnrbance of the son is exhibited analytically and 
graphically. From the results it appears that the number and aggre- 
gate amount of disturbances were least in 1844; lliat in each year 
the greatest number of disturbances occurs in March and Si-ptember, 
and the least nnniher in June, or, in other words, the maximum about 
the equinoxes, and the minimum about the solstices. 

In an appendix, to this paper the connexion of the appearance of 
the aurora borealis with the disturbances of the direction and forca 
of the earth's magnetism is discussed. From the resuU of this dis- 
cussion it appears that there is a periodicity of about eleven years in 
the recurrence of the frequency of the aurora, as well as in that of 
the great disturbances of the needle, and that these are coincident 
with each other and with the appearance of the spots on the sun. 

The eighth part of the series gives the discussion of tho daily and 
yearly variations due to the action of the sun on the vertical compo- 
nent of the magnetic force* The mean variation of the force is deter- 
mined for each hour during each month and for the whole year, and 
also for the summer and the winter separately. These are expressed 
analytically and graphically, and an examination of the curve ahowa 
a principal maadmum about 1 p. m., aud a principal minimnm about 
9 a. m. There is an indication of a secondary maximum about 2 a, an., 
and a secondary minimum about 4 a. m. 
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In snmmer the carve appean to have but one greatest and one 
]M8t ordioate ocoarring about noon and midnight. la winter the 
double feature of the carve becomes qaite conspicnons** 

The vertical force appears greater in Maj^ Jane, July, and August, 
and less in the remaining months, with a range of about a hundred 
\nd five hundred thousandth part of tho whole force. 

The nintli part j^ives the investi-j:;ation of the influence of the moon 
upon the vertical force : also upon the direction and intensity of the 
total force. The methods of investigation are the same in this as in 
the preceding parts. The daily eflfects of the moon exhibit a prin* 
dpal maximum a little before the planet passes the npper meridian, 
atad a principal minimnm about three honrs after it passes the lower 
meridian. The average epoeh of the tide of 'vertical force is about 
one and a half hour in advance, apparently, of the culmination of the 
moon. A secondary variation of this force, though noticed, is very 
feeble. The subject of the time of greatest lunar disturbance is yet 
very imperfectly developed, and more observations in regard to it 
are desirable. 

A comparison is also given in this paper between the observations 
made at Toronto rvA Philadelphia, and their accordances or differ- 
ences are stated. The effect of the moon upon the direction and inten- 
sity of the total force is obtained by a combination of the vertical 
and horizontal components. From this part of the investigation it 
appears that the dip is greatest at 8 and 20 hours, and least at S 
hours and 13.J, the range being equal to 3.6 seconds ; and also that - 
the maximum strength of the earth is greatest at half- past 12 and 11, 
and least at "ih and 17 hours, the results, from the observations at 
Toronto and Philadelphia, being remarkably coincident. 

The next paper of the foregoing list is that by Dr. Dean, which 
oompriaes the anatomy of the medulla oblongata, both human and * 
comparative, from the lowest roots of the hypoglossal nerve, through 
the upper roots of the auditory, including the hypogloesal, nasal, 
glossopharyngeal, abdncens, facial, and anditory nerves. The ob- 
jects of the investigation were principally as follows : 

Ist. To illustrate the topography of the medulla oblongata by means 
of a series of photographs, which might completely map out all the 
principal changes in structure as they successively occur, connected 
with the development of the different nerves, with the details which 
accompany the development of their nuclei and accessory ganglia. 

2d. The study of the more minute histological details, such as the 
eoorae of the nerve roots, thjir entrance into their reppective nwM 
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connexion with nerve cells, the connexion of the nudei with 
each other by nerve fibres passing from the roots and from the nerve 
cells, tiie stroctnre of the olivary bodies which possess a peculiar 
interest from their resemblanoe in convoluted stmoture to the cere- 
bmm and oerebellnm. 

3d. An attempt to show, notwithstanding the apparent difibrence of 
structure between the spinal cord and medulla oblongata, a diiicrencQ 
which appears very considerable at fir.st sight, that thejp^an of struc- 
ture of the two is identical, that the general^ arran^^ement of parts 
strictly corresponds, that the relation of the nerve roots to their 
nndei or cell groups is the same, and moreover the connexion estab- 
Ushed between th^ different nuclei is carried out on the same plan* 
The illustrations for this work were taken by the author himself 
directly from the microscopic dissections by photography. For the 
generd edilion the photographic illustrations have been copied on . 
stone with great care by L. H. Bradford. The steel plates were en- 
graved by J. W. Watts. Besides these, a limited number of photo- 
graphic prints from the original neo:atives have been prepared by 
Dr. Dean himself for private distribution, and from these negatives 
other copies may be obtained either on direct application to the author 
or through the medium of this Institution. 

This paper, which is the result of oyer two years of constant study, 
was referred to Dr. W. A. Hammond, of the United States army, 
and Professor Jeffries Wyman for critical examination, and was recom- 
mended by llicm for publication as a valuable addition both to iiaman 
and to comparative auatomy. 

The third paper accepted for publication is on the Falasontology 
of the Upper Missouri, by F, B. Meek and F. V. Hayden. 

This work contains figures and descriptions of all the known inver* 
tebrute fossil remains of the various geological formations of Idaho^ 
Dakota, Nebraska, and portions of Kansas. About 370 species, 
nearly all of which are new, are fnlly described, and the descriptions* 
are Accompanied by remarks on the relations of each species to allied 
,forms iVom other districts in this country and Europe, both living and 
fossil — its geological range, geographical distribution, &c. The illus- 
trations consist of about ouii thousand carefully drawn figures, occli- 
pying forty-five quarto plates. 

In addition to full descriptions of species, the work also contains 
extended accounts of aU the genera to which these fossils beVong, with 
the synonymy of each genus, and remarks on its affinities to other 
geneza, both living and eztioBt ; and assigns the probable period of 
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iia introdiiottoii* the time when it appean to have attaiiied its mm* 

mum development, and that at which it is supposed to have died oat, 
if not represented in our existing seas. At the head of each generic 
description the etymology of the name and the type of the genus, 
when known, are given. Full descriptions of each of the families 
including these genera are likewise given ; and at the end of each 
family description the names of all the genera, whether living or ex- 
tinct. The introduction contains detailed deBcriptions of the various 
formations in which thesa fossils existed, with remarks on their 
sTBcbronism with other American and Bnropean deposits. 

A considerable portion of the specimens described and fignred were 
collected by Br. F. Y. Hayden in the several expeditions into the 
regions of the Upper Missouri and Yellowstone, sent by the govern- 
ment under the command of Lieutenant (now Major General) G. K. 
Warren, of the United States Topographical Engineers, to whose 
scientific zeal and liberal enconragement we are indebted for much of 
the material npon which ike work is founded. But besides these, a 
large nnmber were coDeoted by Dr. Hayden himself previous to his 
connexion with the exploring expeditions of the government. The 
specific descriptions of the fossils described in this work are therefore 
to be regarded as appearing In the joint names of Meek and Hayden, 
while the descriptions of the c"enera, and iamilies, and the discussion 
of their relations, geological range, geographical distribution, Ac, 
are to be accredited to Mr. Meek alone. 

The first sketch of this work was prepared as a part of the report 
|0 Congress of the explorations of the above-mentioned regions, but 
ICr. Meek has since devoted almost three years exdnsively to extend* 
ing and completing the investigations; and as it is probable that Con- 
gress will make no provision for its publication, it has been sdopted 
by the Institution, at the earnest recommendation of several eminent 
naturalists, and will be published in successive parts. All the speci- 
mens described are in the collections of the Institution, and as soon 
as the work is completed the numerous duplicates will bo distributed, 
as types of the species, to various scientific institutions at home and 
abroad. 

I dlutodlaneoua CoUedwriB* — Several series of artides forming parts of * 

the Miscellaneous Collections, as stated in previous reports, have been 
undertaken, of which some have been completed, some art> tiiiii in 
hand, and others have been printed during the past year. 

The first of these series is that relating to the shells of ^orth 
America, and will consist of the foUowiui^ works : 
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1. Oheek lists of North AitfericaD sheik, by P. P. Oarpeoter, Ac. 

2. Ciroolar relatiye to coUectiDg shells. 

3. Elementary iatroduoUon i4> the study of conohology, bj P. P. 

Carpenter. 

4. List of the species uf shells collected by the United States ex- 
ploring expedition, by the same author. 

5. Descriptive catalogue of the shells of the west coast of the 
United States, Mexico, and Central America, by the same author. 

6. Descriptive catalogae of the air-breathing shells of tforth 
America, by W« BinBey« 

7. Descriptive catalogue of several genera of water-breathing frerii 
water univalves, by the same author. 

8. Descriptive catalogue of the MelaniadcVy or the remainder of the* 
water-breathing fresh water univalves, by George W. Tryon. 

9. Descriptive catalogue of the Corlncidadce or CycladidxB, a group 
of bivalves principally inhabiting fresh water, by Temple Prime. 

10. Descriptive catalogue of the Unionidce, or fresh water mnesels. 

11. Descriptive catalogue of the shells of the eastern coast of the ' 
United States, by William Stimpson. 

12. Bibliography of North American oonchology, by W. G. 
Binney. 

13. Check list catalogue of cretaceous and Jurassic fossils of North 
America, by F. B. Meek. 

The first and second articles of this list were published in 1860, and 
described in the report for that year. The third was published in 
1861 as a part of the annual report for 1860. A new edition would 
have been printed before this time, as a part of the Miscelianeons 
Collections, had we not been disappointed by a delay in procuring 
the expected use of wood-cuts for the illustration of the work from 
the British Museum. We have just learned, however, that the Hu- 
•enm has liberally granted the use of these wood-cuts; that they are 
now being copied in stereotype in England; and consequently the 
work will bo completed without further delay. 

The fourth find iifth articles are still in the hands oi Mr. Carpenter, 
who has reported progress, which leads us to expect that they will 
be ready for the press during the present year. 

Of the 6th^ 7th, and 8th, the first draughts of the manuscripts 
liave been completed, and a preliminary sketch of the .condnsions 
of the authors as regards the names of the species has been printed 
in the form of proof-sheets, and distributed to conchologists, with a 
View to elioit oritiQiams and snggestio^ prior to final pmblioatioii. 
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Jf any important additicfim and comottoiis hare been obtained in this 
my vfh\c\i will add mttch to the value of the worka. The reqtiest haa 

been made that these proof-sheets should not bo considered as express- 
ing the final views of the authors, but only intended to obtuiu the 
information above meuiioned. 

The ninth nrticle of the series, by Mr. Prime, is well advanced in 
printing, and will be completed ia 1864. la addition to the purely 
North American species, it will contain descriptions and wood-cut 
%iire8 of thoae of Central and South America, as well as of the West 
Indies, thns embracing aU the members of the finnily fonnd in the 
New World, 

The tenth and eleventh articles are still in prooeaa of preparation, 
and the engraving of the wood«cnts for their illustration has cum- 

iiiciiced. 

The twelfth article — tlio first part of the Bibliography of North 
American conchology by Mr. Binuoy, mentioned in the last report as 
in press — has been completed and distributed. It forms a volume 
of 650 pages, and contains a list of the publications of American au- 
thors relative- to conchology in general. As might reasonably be 
expeeted, some omissio&s have occurred of titles of papers overlooked 
or not met with, but copies have been sent to all the working con- 
cbologists of the country^ with the reqnest to famish rectifications and 
additions to be inserted in aA appendix to the second part. This 
second part, which is now in the press, is intended to include an 
account of the writings of foreign naturalists relative tu American 
conchology, and will also contain, beside the additions and corrections 
of the first volume, copious indexes of authors and names of genera 
and species. About 250 pages are stereotyped, and the whole work, 
probably filling over 600 pages, will be finished during 1864. 

The thirteenth article, check list by Mr. Meek, has been completed 
and pnt to press. It contains a list of all the species of oretaceSns 
fossils described hj authors np to the end of 1863, and will constitute 
an important aid in the labor of cataloguing and labelling collections, 
being prepared in the same style as that of the check-lists of North 
American shells, published by the Institution some years ago, which 
have been so much sought after by conchologists and amateurs. 

Another series of works belonging to the miscellaneous collections ' 
is intended to facilitate the study of American insects. Of this series 
the several articles are as follows: 

1. Instructions for collecting and preserving insects. 

2. Oatalogue of the described Diptera (flies, musqidtoeej te) of 
North Amerioa, by Baron Oeten Sackeiu 



Digitized by Google 



I 



M BBPOBT OF THB 

• 

3. OlrtBlogm of the described Lepidoptera (bntterffiat, motliB, Ac.) 
of Noitli America, by Dr. Job. Q-. Morrie* 

. 4. Classification of tbe Ooleoptera (beetles, &c.) of North America, | 
by Dr. JiK). L. Le Conto. 

6. Synopsis of the describofl Neuroptera (dracirtn-flics, &c.) of North i 
America, with a list of the South American species, by H. Hagen. 

6. Synopsis of the described Lepidoptera of North America, part 
i. Diurnal and CrepQSClllar Lepidoptera, by Dr. Jno. G. Morris. 

7. List of the Goleoptera of North America* with descriptioiiB of 
new species, bj Br. Jno. L. Le Oonte. 

S. Monograph of the Dipteraof North America, byH. Loew, with 
additions, by Bartm Often Sacken. 

9. Monographs of Homoptcra and Hemiptera, (chinches, roaches, 
Ac.,) of North America, by P. R. Uhler. 

to. Descriptive Catalogue of the Hymenoptera, (bees, wasps, <fec.,) 
of North America, by^H. De Saassure. 

These have all been described in previous reports. 

Of No. 8, (monograph of Diptera,) the first part was published in 
1862. Daring the past year the second part^has been printed, and 
forms a yolnme of 339 pagea. The manuscript of a third part is in 
an advanced state of preparation by Dr. Loew, and when veceived 
will, as in the case of the two preceding parts, be intmsted to Baron l 
Osten Sacken for translation trader his direction. We must again, in 
this connexion, express our obligations to Baron Osten Sacken for hia ' 
valuable assistance in the preparation and publicat ion of these works. 

Of No. 9, monographs of Homoptera and Hemiptera of North ' 
America^ by P. B. Uhler, the manuscript is nearly completed, and 
will soon be received from the author. 

Of No. 10, the manuscript of the first part (Catalogue of Hymenop- 
tera) was received from the author during the past summer, and 
plSced in the hands of Hr. E. Norton, of New York, who kindly 
offered to translate it from the original French and superintend its 
publication. It is now in the press, and will soon be completed. j 

In addition to the publications relating to shells and insects, the i 
following, belonging also to the Miscellanepus Collections, have been i 
prepared for the Institution: i 

1. Check-list of Minerals, by Thomas Bgleston. 

2. Instructions relative to £thnology and Philology, by George 
Gibbs. 

3. Comparative Yocabulaiy, by George Gibbs. 

4. Dictionary of the Chinook Jargon or Trade Language of bregon, 
by Geoige Gibbs. 
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•6. Monograph of the Bats of North America, by Dr- H* AUeu, 
United States army. 

No. 1 of these works has been prepared to aid in arranging and 
catalogoii^ the Smithaonian ooUection of miDerals and the difttriba« 
tion of duplicate BpeciineDB, but it will also be of vahie in iacilitatiiig 
the study of mineralogy by famieliing printed labels^and dieok*Iista 
for exchanges. It presents a list of all the described species of mln* 
erals, with their chemical symbols and systems of crystallization, indi- 
catiug; those which are peculiar to tlic L'nited States, the whole 
arranjj^ed according to the method adopted by Professor Dana in tlie 
last edition of Ida Manual of Mineralogy. For important addii ions 
and corrections, this work is indebted to the principal mineralogists 
of this country, to whom the proofs were submitted, and especially 
to Professor Dana, Professor Bmsh, and Dr. C^nth. This list is 
completed, and will shortly be ready for distribution. 

No* 2 of these works was printed in the Smithsonian annnal 
report for 1861, bnt a large demand having arisen for it, it has been 
reprinted with corrections and additions, and now includes instruc- 
tions for philological obiiervation, rules for recording sounds and vo- 
cabularies, &c. In thfe latter part of the work Mr. Gibbt* has received 
important assistance from Professor W. D. Whitney, of Yale College. 

It includes directions for the collection of various specimens, hints 
for special inquiry, &c 4nkong the former are the skulls of Ameri- 
(On Indiaos, wiiich in some cases are difficult to obtain, on account 
of the jealonsy with which the natives guard the remains of their 
dead. Numerous tribes, however, have become extinct^ or have 
removed from their former abodes. The remains of victims of war 
are often left where they fall, and the bones of slaves and of the 
friendless are neglected. Relics of these can be obtained without 
ofifence to the living. It is, however, of essential importance that 
most positive information should be obtained as to the nation or tribe to 
which a particular skull belongs. Tbis may frequently be learned 
from the history of the migrations of the tribe, or from the character 
of the ornaments and utensils found with it. 

Among the specimens of art which are designated as desirable 
are dresses, ornaments; bows and arrows, lances, saddles with their 
furniture, models of lodges, cradles, mats, baskets, gambling imple- 
ments, models of canoes, paddles, Bsh-hooks, carvings in wood and 
stone, tools, &c. 

American antiquities are especially indicated as objects of interest. 
Thef include the tools found in the northern copper mines, articles 
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iaclo:scd in mounds, images, pottery, also the contents of ancient 
ehell hedii found on* the sea-coast and bays, often deeply covered with 
earth and overgrown with trees; human remains, or implements of 
bumao manafactare, bearing the marks of tools or of subjection to fire, 
found in caveis, beneath deposits of stony material formed by drop* 
pings from the roof; similar articles in salt-licks, likewise in deposits 
of sand and grayel; or such as evidently belonging to tbe drift period* 
Among other desiderata mentioned are the names of tribes, geo- 
graphical position, number of individuals, physical constitution, such 
as stature, proportion of limbs, facial angle, color of skin, hair, and 
eyes ; inKcriptions, dress, food, dwellings, arts, trades, religion, 
government, social life, ceremonies, mode of warfare, medicine, 
literature, method of dividing time, history, &c. 

These directions also inclnde a list of words most important to be 
•used in forming tbe vocabulary of a language. Tbe pamphlet con- 
sists of thirty-fonr pages, and is distributed gratuitously to all wbo 
' are desirous oF aiding investigations of this character. 

No. 3 is a vocabulary of the principal words of which the 
equivalents are desired in the languages of the American Indians. . 
It has been prepared witli great care by Mr. Gibbs after the usual 
models, presenting in parallel columns the words selected in English, 
French, Spanish, and Latin, leaving a blank column to be filled by 
the required equivalents in the dialect of uny given tribe. It forms 
a pamphlet of eighteen pages, including two hundred and eleven 
different words, and is printed on lette^ paper, for convenience in 
filling np the blanks. 

No. 4, the Chinook Jargon, is a collection of phrases made up 
from various languages, Indian and civilized, and constitutes the solo 
medium of communication with the Indian tribes of the northwests 
In 1853 the Smithsonian Institution published a brief dictionary of 
this language, from a French manuscript presented by Dr. B. B. 
Mitchell and edited by Professor W* W. Turner* The article was 
in great demand, and the edition was soon exhausted. Mr. Gibbs, 
having paid particular attention to the Jargon during his long resi- 
dence in Washington Territory, kindly olfered to prepare a new 
edition with corrections and additions. This offer was readily ac- 
cepted, and the dictionary has been puijlished during the past year. 

The vocabulary of the Chinook contains words of two dialects, the 
Chinook proper and the Clatsop, and perhaps also of the Wakiakum. 
The nation or rather family to which the generic name Chinool^ has- 
been applied, formerly inhabited both banks of the Columbia river 
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from ita month to the Grand Dalles, a diftance of about one hundred 
and seventy miles, and was, as is asnal among the RoJontary Indians 
of the west) broken op into nnmerons bands. Mr. Hale, in bis Eth* 
nograpby of the United States Exploring Expedition, has diyidod 
these into the Upper and Lower Chinook. The present vooabnlary 
belongs to those nearest the mouth of the river, of which there were 
6vo principal b;ind.s. The language of tho bands further up the river 
departs more aud more widely from tho Chinook proper ; indeed, so 
much BO that the lower Indians could not have iinderb-tood tho upper 
ones without an interpreter. Thid vocabulary is not as full as could 
be wiehed, and the only reason for pablishiog it in its present condition 
is that the Indians speaking the langnage are so nearly extinct that 
no better digest is likely to be made in fnture. 

In regard to the 5th article of the above series, the Monograph of 
Bats of North America, it may be stated that the mammalia of this 
continent have been studied and described generally by Audubon, 
Bachiiidij, and also by Professor Baird of this Institution. These 
authors, however, have not iiiciuded in their descriptions the cheirop- 
tera, or bats. To supply this deficiency, Dr. Allen, of Pliiladelpbia, 
has given his attention for sevenvl years to the careful study of 
the specimens of this animal in the principal museums of this country, 
and has presented the result of his labors to the Institution in the 
form of the monograph above mentioned. In this a detailed descrip- 
tion is given of each of the genera and species with wood-cat figures of 
the sknlls, heads, ears, and tails of such species as reqnire this mode of 
illnstration. The wood*cuts of this paper have been completed and 
the manuscript is now in the hands of the printer. 

1 Ml ly mention that the Institution is indebted to Mr. Figauiero, 
Portugese minister, for a very graphic account of an immense assem- 
blage of bats which had been colonized for years in the upper part 
of a mansion house which he had purchased in Maryland. This ac- 
count ifrill be republished in the appendix to this report, as well as 
in the paper of Dr. Allen just described. 

Ilcporis, — The aiuuKil reports to Congress are printed at the ex- 
pense of the government as public documents, with the exception of 
the wood-cuts, the cost of which is paid by the Institution. Previous 
to 1853 the reports were principally confined to an exposition of the 
operations of the Institution, and were published in pamphlet form; 
but since that date an appendix has been added to each report^ which, 
•with the other inatter, has increased the size to that of a volume of 
four^Diidred and ^ty pages. These reports now form a series of ten 
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volumes, beginning with that of 1853, and in order that this series 
might contain a history of the Iristitntion from the beginning, the will 
of Smithson, the enactments ui Congress in regard to it, and the sev- 
eral reports of the Secretary, previous to 1853, weVe republished in 
the appendix to that volume. 

The report for 1862 contains, in the appendix, a eulogy on the late 
Senator Pearce, by ProfesBor Bache ; aconnie of lectures on Polarized 
Light, by F. A. P. Barnard, late president of the University of Mis- 
sissippi; a oonrse of lectares on Ethnology, by Professor Daniel 
Wilson, of the University of Toronto ; an introduction to a conrse of 
lectares on the Study of High Antiquity, by A. Morlot, of Switzer- 
land, translated for the Institution by the author ; an account of 
the Articles on Arch/elogy, published by the Smithsonian Institution, 
copied from the *' Natural History Review," of England ; a history 
of the French Academy of Sciences ; eulogies on Von Buch and 
Thenard, a continnation of 'the series of memoirs of distinguished 
members of the French Academy, translated by O. A. Alexander, 
esq. ; a Memoir of Isidore St. Hilaire, by Qnatrefages, translated by 
a lady ; a prize Memoir on the Oatalytio Force, by T. L. Pliipson ; 
on Atoms, by Sir John Ilerschel ; Classification of Books, by J. P. 
Lesley ; Account of Hnnian Remains from Fatagonia, and Prize 
Questions of Scientific Societies. 

Of this report the usual number of 10,000 copies was printed, of 
which 4,000 copies were given to the Institution, to be distributed in 
accordance with the following roles: 

1. To all the meteorological observers who send racords of the 
weather to the Institntion* 

2. To the collaborators of the Institution, 

3. To donors to the museum and library. 

4. To colleges and other educational establishments. 

5. To public libraries, and literary and scientific societies. 

6. To teachers, or individuals who are engaged in special studies, 
and who make direct application for them. 

Owing to the many conges which have taken place in the resi- 
dence and occupation of the correspondents of the Xnatitntion since 
the commencement of the war, it has not been Sionght advisable to 
send the reports to all whose names are on the record of distribution, 
but in most cases to wait until direct application's made by letter or 
otherwise for a copy of the work. Whenever a report is sent to any 
address a separate announcement is made of the fact enclosing a 
blank xeceipt to be signed and returned to the Institation* 
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Ou account of the large amount of printing; required by the gov- 
ernment in consequence of the war, the public printing office has been 
taxed to its utmost power ; documents not required for imuiediatG 
use have been delayed, and among others the report of the Institutioth 
for 1862 is still not quite completed. It is expected, however, that 
it will be ready for distribatioa in the oome of a fbw weeks. The 
Dumber of copies of the report ordered to be prioted by Congreai 
has varied in differenA years, and consequently in the increasing de- 
mand some of the yolmneB have been entirely exhansted. It may be 
a matter of consideration whether a new edition of the report for 
1856, and perhaps for other years, might not bo reprinted. To pre- 
vent the future exhaustion of the supply of the reports. Onnrj-ress 
authorized the stereotyping of the last volume and the printing at any 
time, from the plates, of the whole or any part of its contents. 

In view of the great cost of paper and the space required for storage, 
it has been thought advisable to stereotype the ContributionB and Mis- 
cellaneons Collections, and to strike off only as many copies of each 
article aa are reqnired for immediate distribntion. By .the adoption 
' of this plan, the ability to supply, to any extent, copies of works 
published hereafter wiU always exist, while no more need be printed 
than are actnally required. 

Ethnology. — From the first, the Institution has given considerable* 
attention to the various branches of ethnology. Besides the addi- 
tions to Indian archsslogy which are to be found in the auveral 
Tolnmea of its Contributions to Knowledge, it has published > 4»Teral 
papers on languages. In the report for I860, a list of original oianu* 
scripts was given relating to the languages of the northwest Ctiast of 
America, which had been receiyed through the assistance of Mu Alex- 
ander S. Taylor^ of Konterey, California. 

Several of these were copied at the expense of the Institntton, 
with the intention of securing their preservation and subsequent pub- 
lication. It has also been stated that a nuiubcr of these manuscripts 
had been presented to Mr. J. G. Shea, of New York, to be published 
in a series which he has establiphed nndur the title of "Library of 
American Linguistics.'* By presenting these to Mr. Shea for pub- 
lication and purchasing irom him for distribution to learned societies 
a number of copies, encouragement has been given to a laudable en* 
terprize, undertaken solely to promote a favorite branch o^ learning, 
and with but little comparative wspense to the Smithsonian fund. I 
regret, however, to state that the diminution of the effective income 
of the Institution will prevent fhrfcher appropriations at present for 
thia purpose. The following m a list oi' the works of Mr. Shoa's 

I 
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of wbich the InflMtntion has aided &e pnbHcatu^fi by porchaB- 

ing copies for distribution: 

1. Grammar of the Mutsun language, spoken at the mission of San 
'Juan Bautista, Alta California ; hj Father Felipe Arroyo de la 

Cuesta. 

2. Vocabulary of the language of San Antonio miseion, GaUfornia^ 
l>7 F^her Bonaventnre Sitjar. 

3. Grammar and dictionary of the Yakama language, by Bey« Me. 
Glee. Pando^. 

4. Vocabulary or Phraee Book of the Mntsnn language, of Alta 
California, by Rev. Father Felipe Arroyo t3e la Cuesta. 

5. Giaiiitnar of the Pima or Nevome, a language of Sonora, from 
a mamiscript of the XVIII contory. 

The first of these, the Mutsun grammar, was described in the last 
report. The second, the vocabulary of the native inhabitants of 
the San Antonio, or Sextapay, mission ; it was printed from a manu- 
flcript forwarded to the Institution by Alexander S. Taylor, of Oali* 
fornia. The mission of San Antonio de Padna was founded in 1771. • 
in the Sierra of Santa Lncia, twenty •five' leagues southwest of Mon- 
terey ; the authors of this vocabulary being the first missionaries. 
The tribe is sometimes known as Ta/tch^y or Tdamif though Mr. Taylor 
calls it Sextapay. It is gradually disappearing j not more than fifty 
Indians still remaiu, although it is said they were, at one iluio, so 
numerous that the dialects spoken by them amounted to twenty. 

The third is the grammar and dictiuiiary of the Yakamas, a people 
inhabiting the region of the Yakama river — a stream rising in the 
Cascade range of mountains, and emptying into the Oolumbia above 
the junction of the Snake river. The name signifies the stony 
ground/' in allusion to the rocky character of the country. The au- 
thor of the grammar. Father Pandosy, was for many years a resident 
among these Indians, and became well acquainted with their laiiguage. 
In the destruction of the buildings of the mission by fire, during the 
Indian tvar in Washington Territory, the original of the grammar was 
lost, and the translation, pul^lished by Mr. Shea, which was made 
some time previously, alono remained. ' It is to be regretted that a 
more extended dictionary than the one now published was also de- 
stroyed at the same time. 

The fourth article is a vooabulaiy of the same language, of which 
the grammar constitutes the first of this series, and is by the same 
author ; the words are given in the Mutsun and Spanish languages. 

The fifth, the grammar of the Pima, with a vocabulary in the same 
ian^uagu and iu Spanish, was obtained in Toledo, Spain, and trauj- 
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lated by Buckingham Smith, esq. Tills manuscript was probably 
tabi^Q to Spain alter the suppression of tho order of the Jesuits in , 
Mexico, iu 1767. The Pima langnago was spoken by the tribes from 
the river Yaqui, in Sonera, northward to the Gila, and even beyoad 
the Colorado, eastward beyond the mountains in the province of 
Taranmara, and westward to the sea of Gortez. The phrases given 
in these works will preserve the knowledge of what oonstitoted the 
food of the inhabitants ; their manner of living, their oharaoter, and 
native customs, Ao» This may prove of historic interest hereafter* 
if the facts be nowheris else more circumstantially authenticated. 

Meteorology, — From 185G to 1861 an appropriation was made from 
the agricultural iund of the Patent OlUce for assistance to the lusti- 
tution in collecting and redacing statistics relative to the climate of 
the United States. This was commenoed while the Patent Office was 
under the direction of Judge Mason, but was suddenly discontinued 
under a change of administration. The propriety of an appropriation 
for this purpose, from the fund above mentioned, must be evident to 
every one who reflects on the intimate connexion between meteorology 
and agriculture. A knowledge of the peculiarities of the clim it .; ( f 
a country is an essential requisite for the adoption of u .system of 
scientific cuituro. The average temperatui e of the spring, autumn, 
and of the growing season ; the ratio of tho number of unfavor- 
able to favorable years ; the amount of rain, and moisture ; the 
average time of the oconrrenoe of late and early frosts, are all facts 
of importance in the economical adaptation of the crops to a given lo- 
cality, in order to obtain the maximum of produce from a definite 
amount of labor. 

The money received from the Patent Office was expended in assist- 
ing to defray the expense of tiie reductions of the observations, and 
as soon as the appropriation was stopped we were obliged to discon- 
tinue this part of the operations. The Institution, however, still con- 
ttnues to derive some benefit from its association with the Patent 
Office^ in deceiving through it, free of postage, the returned registers 
from the diffisrent observers. 

Unfortunately, the postage law adopted at the last session of Con- 
gress prevents the correspondents on agriculture and meteorology 
from sending their reports by mail unless prepaid. This arrange- 
ment almost entirely stops the reception of these articles, for, since 
the service rendered is gratuitous, the observers cannot bo expected 
to bear this additional burden. It is to be hoped that Congress will 
SO modify the law as to remove this obstruction to a correspondence 
of great importance to the agricultural interests of the coQntiy. 
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Owing to this reatrietioB, the number of meteoiologioal regifiteni 
reoeiyed during the past year has been diminished, and the transiftis- 
sion of nearly all of them would ha^ been discontinued had not 

tho Commissioner of Agriculture, in view of their value to his 
department, decided to advance to sonic of the ulinervers tho neces- 
sary postage stamps to affix to their regititers. He would willingly 
have sent stamps to all, but the tax wonld have been too heavy for 
the office; he therefore fomid it necessary to limit the number, 
and in doing so endeavored to make saeh a selection as wonld secnre 
registers from districts distribated as uniformly as possible in all the 
States. Those ofiservers, therefore, who hare not .been- snpplied 
with stamps should infer from this no disparagement of their observa- 
tions, for amuDg those who have bdcii omitted from the list are 
some whose registers are highly prized for their regularity and 
accuracy. 

Before it was known that this arrangement would be made by the 
Oommissioner a circular was sent from this Institution to all the ob- 
servers, mentioning the new feature in the postage law, and requesting • 
them to continue their observations, and retain the reoords until the 
law should be modified, or some arrangement could be made by which 
the observers would not be subject to the burden of postage.* 

Under the new organization of the Department of Agriculture a 
renewed interest has been manifested by the Commissioner in the ' 
collection of meteorological statistics, and he has expressed the desire 
to co-operate with this Institution in continuing and extending th© 
system of records of the weather which it had efitabiished with so 
much labor and expense. 

In order to obtain and diffuse a knowledge of facts of immediate 
importance to agriculturists, the Commissioner has commenced the 
publication of a monthly bulletin giving the state of the crops, the 
condition of the weather, and various other items of importance which 
are daily received from observers, and which would lose a considerable 
portion of their value were they suffered to remain unpublished until 
the end of the year. For . this bulletin the Institution supplies the 
meteorological materials, consisting of the mean, maximum, and 
minimum temperature and amount of rain for each month in different 
States, and also, for the purpose of comparison, the mean temperature 
and amount of rain for a series of five yearst grouped by States ; 



* This law has been ehanged tiliOB the above was written, and obserrors can send their 
meteorological registers, or otibttr comnwmkMitiOM, lo the ** Ck Hnmiw i ioi i CT Qf Ayicaltaw»" . 
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* together witb tables of imperteot atmoapheric elianges, and notioes 
of auroras, meteors, and other periodical phenomeiuu The pnblica- 
tion has been received with much favor by agriculturists, atjd is 

regarded with grcafc interest by the observers, who are thus fur- 
Dished promptly with a general summary of the principal features 
of the meteorology of each month in all parts of the couutry, with 
which they can compare their own observations. 

In view of the value of the informatioa thus furnished by the 
Institutioii, it is hoped that the previous appropriation will be 
renewed, and that the redactions which have been diflcontinued for 
the last fonr years may be resumed. 

The second volnme of the Besults of Meteorological ObservationB 
. made for the loBtitation, from 1854 to 1859, and reduced by Professor 
Coffin, is still in the press, its completion being delayed by the great 
pressure, upon the public printing olDce, of government work relative 
to the war. 

We are indebted to the courtesy of Captain (now General) George 
G. Meade, of the topographical engineers, superintendent of the 
survey of th*e north and northwestern lakes, and of his successor in 
office. Lieutenant Colonel J. D. Graham, for a continuation of the 
favor formerly extended to the Institution in furnishing us with copies 
of the meteorological observations made at the different stations estab- 
lished for the survey. These records are very valuable, being made 
with full sets of instruments and at important* places. They em- 
brace observations made three times a day, at the same hours with 
the Smithsonian system, 7 a. m. and 2 and 9 p. m., and at ten sta- 
tions, extendincT from Superior City in the State of Wisconsin, at the 
western extremiiy of Lake Superior, to Sackett's Harbor in New 
York, on the east end of Lake Ontario. 

The Bureau of Medicine and Surgery of the Navy Department also • 
continues to furnish us with the meteorological records kept at the 
naval hospitals at Chelsea, New York, and Philadelphia. 

For several years previous to the commenoement of the war a large 
map was exhibited in the Smithsonian Institution on which was daily 
represented the direction of the wind and face of the sky over the 
greater portion of the United States; and in previous reports we have 
frequently called attention to the fact that a properly organized sys- 
tem for giving daily or half daily changes of the weather in distant 
parts of the United States would be of great practical importance to 
the shipping interests of the country; we have also stated the fact' 
that we are much more &vorably situated for predicting the coming 
ds 
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weather than the meteorologiste of Barope. The storms in oar lati- 
tude generally move from west to east, and, sitfoe our seaboard is on 

the eastern side of a great continent, wo can liave inforiiiation of the 
approaching storm while it is still liundreds of miles to the west of U3. 
Not so with the meteorologists of Europe, since thej reside on the 
western side of a continent, and can have no. telegraphic dispatches 
from the ocean. The proposition, however, . to fomish constant 
information of this kind conld not he carried out hy the* limited 
means of the Smithsonian Institution, and, indeed, can only be 
rendered properly and fully serviceable under the direction and at the 
expense of the government. 
^ Now and interesting features have been intiuduced into the daily 
meteorological bulletin published by "the Imperial Obpervatory at 
Paris. As mentioned in tlio last report, these bulletins are litho- 
graphed each day from records of the barometer, thermometer, wind, 
and face of the sky, compiled from telegraphic reports transmitted to 
the observatory from various parts of Europe. In addition to these, 
they now contain daily a small outline chart of Europe upon which 
are drawn diagrams- showing the barometric curve of the day through 
the various stations, together with the temperature and direction and 
force of the wind. For the use of-vessels about to leave port, a state- 
ment ia aldo given of what will probably be the direction of the wdnd 
tho next day. Chambers of commerce and intelligent seamen have 
acknowledged in strong language the benefit of these daily bulletins, 
thus adding to the ever-accumulating testimony in favor not only of 
the speculative interest but also practical benefits of meteorology. 
M Bordeaux, Havre, and other important ports, as soon as the bul- 
letins are received, the telegraphic announcement of the weather and 
the probable direction of wind for the following day are posted in 
public places and furnished to the principal newspapers for publioa* 
tion. The bulletin also contains extracts from the correspondents of 
the observatory on astronomical and other subjects as well as meteo- 
rology. With tho number for December 20, a supplement was issued 
with a diagram exhibiting tho indications of the self-registering instru- 
meuta at the Royal Observatory, Greenwich, during tho great storm 
on the English coast in the first three days of December, 1863. 

LciboToiorjf,— The principal work which has been done in the 
laboratory during the past year is an extended series of experiments 

on the properties of diflferent kinds of oil intended for light-house 
purposes. For a number of years past the price of sperm oil has 
been constantly increasing, and irom a dollar per gallon it had ad- 
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Tanoed kstyear to two doUars and fbrty-tbree cents. It became, 
therefore, an important matter to the Light-honse Board to determine 

whether some other burning material could not be introduced in the 
place of 80 expensive an article. The investigation of this subject 
was given in charge to myself, ag the chairman of the Committee on 
Experiments. The result of the investigations not only revealed 
a number of new phenomena of interest to sdance, but also estab- 
lished the important practical fact of the superiority of winter 
strained lard oil over standard sperm oil in the intensity of the lights 
the steadiness and persistence of the flame, and the less care required 
in attendance. This &ct must have an important bearing on the cost 
of lighting the extended coast of the United States, as well as upon 
the commercial valao of one of the staple products of the western 
part of our Union. The price of lard oil is, at present, considerably 
less than one-half of that of sperm, and while the supply of sperm oil 
has remained stationary, or even diminished with an increasing de- 
maDd, the sources of lard oil in the country are abundant, and the 
quantity which can be produced will be sufficient to meet almost an 
unlimited consumption. 

Another series of experiments was made for determining the proper 
arrangements of reflectors and lenses for illuminating distant ob- 
jects either by the electric or the calcium light. These experiments 
were instituted at the suggestion of the Navy Department, but as no 
appropriation was made for their being carried into practice, they 
were discontinued, and the knowledge obtained remains unapplied. 

(MS/fdl^mB of spedmena of naturtd hidory, dhc. — In several of tha 
preceding reports a distinction has been drawn between the cuUec- 
tion of specimens uf uatuiul history made through the agency of 
this Institution, and what is called the Smithsonian museum. The 
object of making large collections of duplicate specimens is, first, to 
advance science by furmshing to original investigators new materials . 
for critical study; and second, to assist in diifusing knowledge, by 
providing colleges, academies, and other educational establishments, 
with labelled specimens to illustrate the various productions of nature, 
while the principal end to be attained by the public museum of the i 
InstitDtion is the gratification and instruction of the inhabitants and 
visitors of the city of Washington. 

The collecting and distributing of a large number of specimens, for 
the purpose stated, is an important means of increasing and diffusing 
knowledge, and, as such, is in strict accordance with the will of the 
founder of the Institution, It has, therefore, from the first received 
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mucb attention, and has been attended with a commensurate amount 
of beneficial results. Among the collections received during the past 
jear have been specimeDS of great interest, either the results of 
explorations, undertaken by the Inatitution, or of exchanges with 
indiyidnalB or local soeiotiea. The materials thus oolleoted belong 
principally to two dasBes, namely, to specuneDs of new or rare forms 
intended to advance uatnral history and duplicates of sach as are to 
be labelled and distributed for the purposes of education* Among 
the former are the collections of Mr. Kennicott, whose explorations 
have been mentioned in previous reports. They are oi a very valu- 
able character, illustrating the natural hiptory and ethnology of the 
northwestern portions of the continent of North America. The 
specimens received in 1863, from this exploration, filled forty boxes 
and packages, weighing, in the aggregate, d,000 pounds. They em- 
brace in the line of natnral history thousands of skins of mammala 
and birds, eggs, nests, skeletons, fishes^ insects, fossils, plants, Ae. 
In the line of ethnology are sknlls, dresses, weapons, implements, 
utensils, instrnments of the chase, in short, all the reqaisite material 
to illustrate the peculiarities of the Esquimaux and diiicrcut tribes of 
Indians inhabiting the northwest regions. 

In addition to the collectiuns obtained from the British possessions 
in North America, by Mr. Kennicott, specimens have been received 
from other points and other parties. Among these are a series of 
birds and eggs from Labrador, gathered by Mr. Henry Connolly, and 
a large amount of new material from Mexico, oolleoted by John Xantos, 
under the auspices and at the expense of the Institution, consisting of 
birds, fishes, reptiles, shells, Ac. Another series from the same country 
has been presented by Dr. Sartorius, who hss, for a number of years, 
been one of the meteorological observers of the Institution. Inter* 
osting collections have been received, also, from Dr. A. Van Frantzius, 
of Costa Rica; from Mr. Osbert Salvin, of Guatemala; from Captain 
J. M. Bow, of Panama; specimens from Cuba have been presented 
by Mr. C. Wright and Prof. Poeyj from Trinidad, by Mr. Galody, 
United States consul; from Jamaica, by Mr. W. T. March; from Ecoi^ 
dor, by the Hon. 0. T, Baokalew, now of the United States Senate. 
Ayaluable contribution of birds and mammals has also been receiTed 
from Ftot Sumichrast, of Orizaba. These collections are all intended 
to illustrate the natural history of the American continents, to the 
investigation of whose extended regions the Institution has especially 
directed its labors. 

In order to facilitate the preparation of a work on the birds of 
America, by Prof. Baird, a circular from the Inatitutiou was dis* 



Digitized by Google 



BEPOOr 0F TfiS S£OBSTA£T. 37 



tributcd through the State Department to the consular and diplomatic 
agents of the United States in Central and South Auierica, asking aid 
in completing the collection of birds, and we doubt not that much 
Dew and valuable material wdl thus be obtained. 

The followiog are the rules which have been adopted in regard to 
the diapoaitaon and use of the collectiona: 

IKrsL To advance original science, Hba daplioata tjpe apedmens 
are distributed as widely as possible to sdentifio institutions in this 
and other ooantries, to be used in identifying the species and genera 
which have been described. 

Second. For the purposes of education, duplicate sets of specimens, 
properly labelled, arc presented to colleges and other institutions of 
learning in this country. 

Third, These donations are made on condition that dae credit is to 
be given the Institution in the labelling of the specimens, and in all 
aooonnts which may be published of them. 

^omriK Specimens are presented to foreign institntions» on condi- 
tion that if type specimens are wanted for comparistm or other nse 
in this country they will be famished when required. 

I^k. In return for specimens which may be presented to colleges 
and other institutions, collections i'wm localities in their vicinity shall 
be furnished when wanted. 

In the disf ij.>iLioii of the undescribed specimens of the collection, 
the following considerations have been observed as governing prin- 
mplcs:. 

Fur«L The original specimens are not to be intrusted for descrip- 
tion to inexperienced persons, but to those only who have given evi- 
dence of ability properly to perform the work. * 

Second. Preference is to be given to those who have been engaged 
in the laborious and diffictalt enterprise of maldng complete mono- 
graphs. 

Third, The investigator inay be allowed, in certain cases, to take 
the specimens to his place of residence, and to retain t^iem for study 
a reasonable time. 

Pmarth. The use of the specimens is only to be allowed on condition 
that a' series of types for the Smithsonian mnsenm will be selected 
and properly labelled, and the whole returned in good condition. 

F^ih. In any publications which may be made of results derived from 
an investigation of the materials from the Smithsonian collection, full 
credit must be accorded to the Institution for the facilities which 
have been afforded. 
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During the puat year the assorting und labelling of the specimens 
have been continued, as well as the distribution of duplicates. 

The whole number of entries on the record book of the Smithsonian 
collection, at the end of the year 18G1, was 66,075 ; at the end of 
1862, 74,764, and at the end of 1863, 86,847 ; but each entry indi- 
cates a lot con&istiDg of a number of specimens. The whole number 
of daplicate specimens distribated to different institations in this 
countrf and abroad, op to the end of the year 1863, has been 94,713. 
As these specimens are distributed on the express condition that full 
credit is to be given to the Institution on the labels, and in aU pub- 
lications which may relate to them, the name of Smithson, even 
through this distribution alone, would become familiarly known in 
every part of the civilized world. 

It has been, from the first, one of the prominent objects of the • 
Institution to collect the mo^t ample materials for illustrating the 
entire natural history of North America ; to determine the different 
species of plants and of animals ; to ascertain the distribution of the 
former, and tiie migrations of the latter. This object it has endea* 
yored to accomplish- through the agency of the different surveying 
expeditions of government ; through explorations instituted at its own 
expense, and by enlisting the co-operation of individuals interested 
in science, and of local pcientific societies. In all its efforts in this 
line it has been heartily bUj)ported, and it is believed tliat its labors 
have been productive of valuable results. The collections thus made 
have been intrusted to competent investigators for examination and 
description, and the results published in the different Smithsonian 
series, in transactions of societies, and in various government reports. 
For a list of what has already been prepared and published, either 
by the Institution or under its direction, I would refer to a report on 
this subject in preparation by Professor Baird. 

Museum. — The additions to the museum, in the line of natural his- 
tory, are principally confined to the type specimens which have been 
collected and described at the expense of the general government^ or 
under the immediate auspices of the Institution. Even thus restricted, 
the specimens increase in number more rapidly than the portion of 
ihe Smithsonian fund which can be devoted to their support will 
authorize. Few persons have an idea of the labor, constant care, and 
expense which attends the proper preservation of a series of objects 
6jf natural history ; but tlioso who have had the necessary experience 
know that large miscellaneous collections can only be properly sup- 
ported bygovernmentBi and, in the establLshment of provincial socio- 
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ties^ the nile bas been stroog^ly recommeDded of attempting to pre- 
*Berye nothing except wbat U strictly local. "It is the experience 
of societies," says Dr. Jardine,* the celebrated Scotch naturaHst, 

'*that t^cneral collections are encnmbrances, and in most instances 

get destroyed for want of care, or they are dispersed. Within these 

few years the really fin© and valuable collection of the Zoological 

Society of London, chiefly presented by the late N. A. Vigors, a 

first-rate scholar and naturalist, and containing many mi if] no things 

from our scientific exploratory voyages, has been sold* That the 

BSntomological Society has also been sold, and the greater part of that 

belonging to the Linnflsan Society was sold daring the last month, 

hecaose there was not sufficient space to keep what had been pre* 

eented to them. The collection of the Boyal Society of Edinburgh 

is now undergoing the same process.'* 

During the paiit year the wot k of labelling the specimens in the 

museum, 80 that the common, as well as the scientific name of each 

article may be distinctly exhibited, has been continued. 

* 

Esgplofaiwns, — ^The only explorations daring the past year, under 
the auspices and at the expense of the Institution, are, 1st, the con- 
tinuation of that of Mr. Xantus on the western coast of Mexico ; and, 

2d, that by Mr. Meek in New Jersey and the lower part of Virginia. 
The explorations of Mr. Xantus extended several hundred miles 
along tlie western coast of Mexico in a region little known, and very 
abundant in interesting objects. 

The exploration of Mr. Meek related to the collection of complete 
series of shells to illustrate the tertiary formation of the seaboard of 
New Jersey and Virginia. Several series of shells were obtained, 
which are in the process of being accurately labelled, and are intended 
for distribution to some of the principal colleges of the country. 

£xcJianges. — The important aid rendered to science and literature 
by the system of international exchange which has for many years 
been actively carried on by the Institution, ii still everywhere highly 
appreciated. Our operations in this line are becoming more and 
more extensive, requiring an additional amount of time, labor, and 
attention, as well as largely increasing in expense. The great liber- 
ality of many of the tranaportation companies alone enables us to 
carry on the system in its present extent, and we again tender -our 
acknowledgments, especially to the following parties, who have 
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aBttsted us in this respect : The North German Lloyd, between Bre- 
men and New York ; the Hambarg and New York ateamsbip line ; 
the Canard line ; the Panama Bailroad Oompanj ; the Pacific Mail 
Steamship Company ; Adamses Express Company, and the Hudson's 

Bay Company. 

During tlio past year it was deemed advisable to estabiii^li a uaw 
ap^ency of exchanges for IIoUaDd and Belgium, and Mr. Fred. 
Muller, bookseller, at Amsterdam, who was appointed the agent, 
has entered upon the discharge of his duties with zeal and efficiency. 
The numbers of the transactions of the societies in the countries 
referred to necessary to complete the sets in the Smithsonian library, 
as well as much other valuable scientific and literary material, have 
been procured by him. The other foreign agents of the Institution 
are still Dr. Felix Flugel, Leipsic, Mr. Wesley, Loudon, and Gustave 
Bossango, Paris. 

From the tabular statement given by Professor Baird, it appears 
that during the year 1863 there have been sent to foreign countries 
1,426 packages, each containing a number of articles, enclosed in 61 
boxes, measuring 447 cubic ieei, and weighing 10,286 pounds* The 
number of. packages received in return for societies and individuals in 
this country was 1,522, included in which, for the Smithsonian Insti- 
tution, were 4,589 books and pamphlets, besides specimens of natural 
history. * 

Library. — ^The policy in regard to the library as has frequently 
been previously stated, is to form a collection as perfect aa possible 
of all the tranactions and proceedings of the learned societies of the 
world. The success of the Institution in this enterprise has been fully 

commensurate with the expectations entertained, and the collection of 
works of this class, if the accumulation continues under the same favor- 
able conditions, will soon rival any other of a like kind in the world. 
The liberal distribution which the Institution has made of its own pub- 
lications and those of government has produced a rich return in series 
of transactions which, although existing as duplicates in some of the 
older libraries of Europe, can scarcely be obtained by purchase. 

It was mentioned in the last report that the number of transactions 
and proceedings of learned societies contained in the library of the 
Institution had increased so much that a new edition of the cata- 
logue previously published had become necessary. This work lias 
since been put to press, and will be printed as rapidly as the care 
necessary to insure acccuracy will permit. Copies of this catabgue. 
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will be distributed to all the prtiioi|wl librariee of tbe ooQDtry, and 
with tbe liberal policy which has been adopted in regard to the booka 
of the Smithsonian doUeetion, will ier?e to render the library more 

generally useful. 

By excbauges there liave been received 719 octavos, IGT quartos, 
and 24 foHo» ; of parts of volumes and pamphlets, in octavo, 2,119 ; 
in quarto, 779 ; in folio, 581 ; maps and charts 200 ; total, 4,589* 
In addition to these aboat 400 volamos were parchated. 

Among the valuable^ works received daring the year, are the fol* 
lowing : 

66 yolnmes from the Boyal Library of Stockholm. 
Oomptes-Bendfis, 1859, 1860, 1861, with atlas, from the Oommission 

Imperifde Archaaloj^^ique, St. Petersburg. 

12 volumes and 18 parts of volumea from the Kouitilijk Institut des 
Ingenieurs, d'Gravoiihage. 

52 volumes and 91 pamphletis from the Nederlandach Maatschappig 
ter Bevordering van Nijverheid, Haarlem. 

10 volamesof its own publications from tbe Society pour la recherche 
et la conservation des Monuments Historiqnes du Grand Dach6 de 
Lnxembonrg, Lnzembonrg. 

24 volumes and 12 parts from the Kaiserliohe Akademie der Wis- 
senscbaften, Vienna. 

9 voluiuGs and 29 charts from the Etabliaaement G^ographiquo de 
Bruxelles. 

21 volumes of Proceedings from the Society d' Agriculture, Com- 
merce, Science et Arts du Dept. de la Marue. 

24 volumes of. Proceedings and Transactions from the Institution 
of Oivil Engineers, London, 

60 Tolumes and 114 charts from the Board of Admiralty, London. 

Large donations from the Boyal University of Norway. 

Braddam's Memoirs of the Boyal Society of London, voL I — 
1745, from Mrs. Mary A. Malthie, Syracuse, Now York. 

2G volumes from the Jiegeuts of the Uuiversity in behalf of the 
State of New York. 

Ledurea, — ^The usual conrae of lectures has been oonmienced for the 
present season, and will embrace the following : 
Five lectures, by Rev. John Lord, of New York, on the **Pall of 

the llomaii Empire.^' Subjects. — I. The grandeur and glory of the 
Ancient Civilization — The external splendor of the Roman Em- 
pire in its latter days. XL The internal hollo wness aud defects 
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of the old Roman civilisation — ^The Bhame and miseries of society — 
The vices of self-interest, and preparation for violence and inev- 
itable ruin. III. The fall of the empire, and the deBoIations pro- 
duced by tbe barbarians — The destructioQ of the old fabric of so- 
ciety. IV. Tbe reasons why the old conservative influences of 
paganism did not arrest the ruin — The failure of art, literature, and 
science, and the mechanism of governments. V. The reasons why 
Christianity did not save the Empire, and the ideas which the church 
incorporated with snbsequent civilizations — ^Xhe foundation of the 
new Teutonic structure. 

Three lectures, by Professor Louis Agassiz, of Cambridge, Massa- 
chusetts, on the " Glacial period." 

One lecture, by Professor J. L. Campbell, of Wabash College, on 
"Galileo." ' 

SovLii lectures, by Dr. Reiuhold Bolp^er, on "The Races of Men." 

Six lectures, by Professor W. D. Whitney, of Ynle Collcj^e, on 
"Philology." I. History and objects of linguistic science — Plan of 
these lectures — Why and how do we speak English — How language 
is preserved and perp.etuated — ^Its constant change — ^The study of 
language an historical science. II. Illustration of the processes of 
growth and change in language — ^Formation of words>by combination 
of old materials — Mutilation and corruption of existing forms — Change 
and development of meaning — ^Rate of progress of these changes, 
ni. Statement and illustration of the influences causing the growth 
of dialects, and those checking and counteracting this growth — Our 
language a Germanic dialect, with partly French vocabulary — Other 
languages with which it is related — Branches of the Indo-Buropean 
family of languages, and proof that^ they are of common descent — 
Place, period, and grade of civilization of the original tribe. 17. His* 
torical and linguistic importance of the Indo-European race and lan- 
guage — ^History of the language — ^Its development from monosyllabic 
roots. V. Survey of the other great families of language, Semitic, 
Scythian, Chinese, Polynesian, Egyptian, African, and American — 
Isolated languages not included in theso t iinilirs. YI. Comparative 
value of linguistic and physical evidence of race, and their relative 
bearing on the science of ethnology — Relation of the study of language 
to the question of the unity of the human race— origin of language— 
Its character and value to the human race.* 

The number of applications for the use of the lecture*room has 

* A gjnopsis of this cotirae of lectures has been furnished hj the author for insertion in the 
appendix to thic^ report 
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been much less since the adoption of the rule restricting its use to 
the purposes of the Institution exclusively iias become more guner- 
ally known. Thia rule, which has been widely approved of by the 
enhghtened public, has precluded a hirg;e amount of uiiijrofitable cor- 
respondence, and enabled the Institutiou to avoid an embarrassing and 
mauspiciotts connexion with BensatioDal ezpoeitionB of the ezoiting 
BQbjects of the day. 

From the preceding account of the present condition of the Insti- 
tution, and of its operations during the past year, as well as from the 
examination of the coUectiouB and publications, it is hoped that, not- 
withstanding the unfavorable condition of the country for scientific 
research, and the diminished means at our command, it will appear 
that the line of policy and of action originally adopted has been pur- 
sued with unabated ardor and with corresponding success. 
Respectfully submitted. 

JOSEPH HBNBY, Beoretary. 

. Washington, 1864. 
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SMiTBSomAN Institution, 

Wcuthingtwi, December 31, 1863. 
Sir: I have the honor to present herewith a report, for 1SG3, of the opera- 
tioua intriL-stcd to my churge, coneistiug especially of thos.u relating to the 
printing, the exclianget?, and the coUoctious of uulurai history. 
Very rctjpectiiilly, your obedient servant, 

SPENCER F. BAIRD, 
AssialafU Hecrtiary Smitksanian L^ULuUun. 

Piof. Joseph Henry, LL.D., 

Secretary Smithsonian ImlUuti&tt. 

PRINTING. 

An accompanying l}iM<^ will show the works printed during the year, and 
also those no^' in press. 1 he total number of pages belonging to works finished 
within the year is : 

Of quarto papers .,«.,•••,..., 350 pages, 3 plates. 

Octavo Miscellaaootts Collections 1, 313 pages. 

Of works stiU in press tbere liaye beoi printed : 

Of quarto works, about 108 pages. 

Octavo 443 pages. 

Making a,total of 45S quarto pages, and 1,75G octavo, exclusive of the annual 
report to Congress, nearly finished, and to fill 450 pages. 

EXCHANGES AND TRANSPORTATION. 

The system of exchanges has been in a highly sncccssfnl condition during 
1863, both the receipts and transmissions being fully equal to tho average of 
any previous year. The attendant expenses of this branch of operations are, 
however, great and increasing, and would long sinea have hecome almost pro- 
hibitory but for the liberality exhibited by variona transportation companies in 
carrying the boxes and parcels of the Institution free of any charges for freight. It 
is not too much to say that thousands of dollars are thus presented by tlic com- 
panies as a recognition on their part of the great importance,, domestic as well 
as international, of these operations of the Institution. Among the parties de- 
serving of especial mention in this connexion are the proprietors of the Ounard 
steamers between New York and Liverpool, and New York and Havana ; the 
North German Lloyd, between New York and Bremen ; the Hamburg American 
Packet Company, between New York and Hamburg; the IVmimii. Kailroad 
Company j tne Paciiic Mail Steamship Company ; the Hudson's Lay Company ; 
l^e Adorns Expreis Company, Sec 
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The Institatton is under especial obligaticms, for important senHices rendered 
in this connexion, to the Hon. Hiram Barney, collector of the port of New York» 
and to his unsistant, Mr. George Hillier; to Mr. A. B. Forbes nnd Mr Uubbnrd, 
of the I'aciiic Mail SteamBliip Company, iu San Francieco, as well a^ to the 
reealar agents of the Institution. 

During the year, 1863, a new literary agency of the Institution was established 
for Holland andBelgiam. Mr, Frederick Miiller, bookseller, of Araaterdara, was 
placed in charge, and he has already rendered much service. The other forei^ 
ag:eTits of the Institution — Dr. Felix F!il^«'l, of Leipsic ; Gnptave Bossange & 
Gompauy, of I'aria; and Mr. William Wesley, of London — coniinne" to dis- 
ehargo their duties with effieiency, and to the fbll satisfiMtion of the Inati- 
tution. 

The number of institutions niul individuals, at home and abroad, ma kin;; n30 
of the facilities of Bcieiitiiic exchangcrf oflored by the 8mith^:ouian insbitution is 
continoaliy on the increase, and it is believed that any interruption or sus^n- 
eion of this part of the prograome of operations would be oonsidered as a soious 
edanuty. 

In 1862 the Institution distributed four volumes of Miscellaneous Collections, 
one volume of Annual Reports, and one thick quarto volume of 3feteornlogiciil 
Records and Reductions. In 1863, owing tu various circumstaucetf, tiio Annual 
Report for 1861 was the only volume distributed, although many copies of 
separate papers were sent abroad. For this reason the bulk of sendingt in 1863* 
was less tlian that of previotw years, hut it is expected that the diBerenee will 
be fully made up in 1864. 

The following tables exhibit the details of the operations in the line of ex- 
change during 1863 : 

A. 

Receipt qf books, Sfc, hy exchange in 1863. 

Volumes : 

Octavo..., - 719 

Quarto 167 • 

Folio 24 

— 910 

Parts of volumes and pamphlets : 

Octavo « 2, 119 

Quarto 779 

Folio 681 

3, 479 

Maps and charts 200 

Total 4,589 

Beceipts in 1861 2,886 

Beeeiptsinl863... 5,035 
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B. 

TkMe lowing the gtatutict ^ the exchange of the Smithiomaii ^uHiuiion 

in 18G3. 



Agent and eonntiy. 



Nnmbcr of ad- 
dresses. 


Number of pack- 


Nnmbcr of 
boxes. 


Bnlk of boxes in 
cubic feet. 


Weight of boxes 
in pounds. 


1 

13 

4 

13 
42 

205 
'30 
10 


1 

31 

14 

31 
76 
455 
58 
SS4 
























































378 


600 1 m 202 


3,500 


40 


81 














40 


81 1 4 1 31 


1,006 


107 
68 

7 
4 


180 
95 
16 
8 































176 


890 


13 68 


8,600 


169 


316 


1 H 


106 


8,580 


SO 


40 


4 


20 


400 


783 


1,426 


^ 61 j 447 


10,886 



Dr. Felix Fllt.el, 
Scaudixkavia... 

Sweden 

Norway . ..... 

Denmark 

Russia 

Germany 

Switzerland . . 
Belgium 

Total.... 



Frederick Muixer, AmtUrdam — 

Holland 

Total 



OUSTAVE BnSSAVOE ^ GO., 

France 

Italy 

Spuiu 

Portugal 

Total 



W. Wesley, London— 

Groat Bntain and Ireland. 

Beit of Uie world 

Grand total 



C. 

Addressed packages rerrh cd 7>ij the Smithsmian Institution Jrom parties m 

America/or forei^ ddstributum in 1863. 

Albany, N. Y.-^ Number of packages. 

Prof. James Hall 9 

Boston, Mass, — 

American Academy of Arts and Sciences 116 

Bostou Society of Natural History 305 

C. J. Spragae I 

CkmbriJ^e, Mdssj— 

Harvard College 31 

Mui^cum of CompaiatiTe Zoology 342 

Alexander Agassiz. 34 

Prof. Af a Gray 20 

Jules Marcou 6 
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CUedand, Ohio — 

Dr. J. S. Newberry 60 

(hlumhiM, Oi(U> — 

Oliio State Board of Agriculture • 102 

Lieut. Col. J. D. Graham, U. S. A 56 

Janesville, Wis. — 

Institutiou for the ijiiud 73 

Montreal, Can. — 

Prof. J. W. DawBon 7 

New Haven, Conn. — 

Amcricau Journal of Science IS 

American Oriental Society 8 

Prof. J. D. Dana 15* 

New York, N. Y— 

Mercantile Li brary * 10 

New York Lyceum of Natural History 101 

Philadelphia^ Pa. — • 

Academy of Natural Sciences 1G5 

Entomological Society of Philadelpliia 9 

Pharmaceutical Association 100 

George W. Tryon « 57 

b'anta Barbara, Cal.-^ 

A. S. Taylor 60 

St. Louis, Mo.'-' 

St. Louis Academy of Sdences 178 

Saiem, Mass.—- 

Prof. J. S. Bueaell ' 1 

Toronto, Cun.-^ 

Canadian Institute , 6 

Utica, X. Y— 

State Lunatic Asylum 4 

Was/tingUm, D. 

United States Coast Survey 672 

United States Niitioiial Observatory 3 40 

United States* Patont Oiiice 4(.i'i 

Superintendent of Census 200 

J. E. Hilgard 15 

Windsor, Nora Scotia-^ 

Prof. 11. Uow , 18 



3, 316 
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D. 

AddreMied package* received by the Smithsonian Imtitution from Europe, Jbr 

diHriiuHom m Amtriea, m 1863. 



ALBAinr, N£W TOBK. 

Albany Institnto....... ...... ...... 

idbanj idbraiy 

I>ad1«7 Obseiratoiy 

New York Stnto Ap' inilturalSociely-. 
New York State Libraiy.... .... .... 

New York State Medieal Sodaty 

New York State Univeni^ 

Dr. E. Emmons 

PMxfosMnr James Hall 

AMHERST, MASSACHUSETTS. 

Amhorsf Collcg'O 

Dr. E. Hitclu-ock ... 

Cbarles H. Hitchcock 

ProieBBor Cbarles Upbam Sbepberd. . . 

AniAPOLIS, KARTLAKIK 

Silrte library 

ANM ARBOR, HICHIQAIT. 

• 

Observatory ........... 

Dr. Brunuow..... 

ADOUSTA, MAUB. • 

BMiUbnrj 

BALTIMORE, MARYLAND. 

Marj-laud Historical Society 

Peabody Institute 

Dr. J. J. Graves ............ 

Dr. John 6. Morris 

P. B. Uhler 

BQISTON, MASSACHUSETTS. 

American Aoadany of Arti and Sci- 
ences. w... 

BcMton Bodety of Natnnl History . .. 

Bowditch Library 

Goological Survey of Massachu- 
setts 

Massachusetts Historical Society 

New England Uistorico-Genealogical 
Society 

North Americnn Iloview 

Perkins' lusiitute for tho Blind...... 

Prison DisclpUne Sodely 

Public Library 

State Library 

Dr. B. L. Abbott 

Dr. T. W. Hanis 



tr. 
O tti 

Cm 



2 
1 

6 
29 
21 
1 
1 
1 
i 



4 
2 
1 
2 



2 
4 




2 
1 
1 
4 

2 



86 
65 
1 

3 
3 

1 
1 
1 
1 
4 
4 
1 
1 



BOSTON, MASS.— Continiied. 

Professor C. J. Jaekson............ 

Professor Rogers. ...... ........... 

S. H. Senddor. ...... .... ..«••• ... 

Charles Spiap^e. ....... ........... 

George Ticknor 

BBATTLBBOBO', TBBMOaT. 

Asyhun fat Iniuio 

BRUNSWICK, MAINE. 

HisUnkal Society of Maine 

BUBUNOTON, IOWA. 

Iowa Historical and Genealogical In- 
stitate .: 

BmuuvoTcnr, tebmoht. 

Usivoni^ d ToniMnkt.***** 

CAMBRIDGE, MASBACBUBBTrS. 

American Association for AdTSnce- 

raent of Science 

Astronomical Journal 

Harvard College 

Obsers atory of Har>'ard College 

Profee^sor L. AgBSSlS 

G. P. iJoud : 

Prol'esMur 11. J. Clark 

ProfesHor J. P. Cooko 

Dr. John Dean 

Hon. Edward Everett 

Dr. B. A. Gould 

Professor Asa Gr^ ^ 

Professor H. W. Longfellow 

Professor J. Lovering. ...... ....... 

Professor Jules Marcoa . . . 

ProftssOr B. Peiroo ....... ...... . . . 

F. W. Putnam 

Dr. T. H, Sofford 

Profosaor G. A. Sdunit 

Mx^ Tntde 

CHICAGO, nmoiiL 

Academy of Sciences - 

Mechanics' Institute 

CtNCINNATf, OHIO. 

Astronomical Observatory 

Dental Register of tho West 

Historical and Philosopliical Society 

of Ohio 

Mercautilo Library ....... .......... 

John G. Antbonj • 



S 

1 



21 
8 
11 
21 
40 
4 
1 
1 
1 
1 
8 
8 
1 
1 
8 
8 
1 
2 
1 
] 



6 
1 



4 
1 

1 
I 
1 
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D.-^ Addressed 2>acLage» received by the Smithsonian Lutilulton, Sfc. — Coutluued. 



oumoir. wsw ioul 

Observatury of Hamflton CdlMM 
Br. C. H. F. P«t«n 

Geological Survey of Missouri,...., 
OOIAJMBIA, PKKX8ZLTAWA. 

Vnkamt&^B, Hriflairaii — ..... 

COI.VMBUS, omo. 

Ohio State Board of AgxicoUajps. .. . 

Slatolibmy , 

Leo LetqiMvenx 

OOHOOKD, NEW HAimBDtB. 

New Hampshire Hist<akai Society. 
State Library 

DfiS MOIKES, IOWA. 

fliitoliibiwy 

BBTKOiTi mcBiajjr. 

Michigan State Agricultural Society 
Lieutenant Colooel J. D. Qrahau.. 
I>r. Tappau 

DOSCBEflTERf MAttAUfUHVriV. 

Dr. Edward Jturrte 

EAST GK££NWICII, K£W YORK. 

AMfifteh : 

BAVfOKt FBKHSTLVAIIIA. 

Plof. J. II. Coflin 

FAADILFORT, 1U1IT0CE.T. 

Geological Snrvayof 
State Libraxy 

XaoyiMi College 

GEORG£TOWN, D. O, 

Georgt^own College 

Dr. iL King 

A. Behottll! 

48 



1 
8 



8 



51 
4 
8 



1 
4 



81 



15 
6 
1 



3 



10 
4 



5 
1 
8 



HAUUBBtlBO, HUJUrLTAKLL 

State Libnuy 

State LuuMO Asylum 

HARTFORD, OOamCTICOT* 

Historical Society of Connecticut. 
State Ubniy 

■ 

HAVANA, CUBA. 

£oyal Eoooomieal Sode^ 

BODIOH, OHIO. 

Wetteni Bwaiia Ooltap........ 

FkoftiMr GharlM A. lonag 

IMDIAHAFOLIB, DIDtAirA. 

Indiana iiistorical Bociety 

StMe labxwy 

IOWA CITY, IOWA. 

State Univenity 

/ACKBOXTILLB, ILLOnMB. 

Institution for the Blind 

JANESTILLS, WiaCOMSDT. 

State Inctitution for the Blind.... 

nFFERamr crnr, masonii. 

Historical Society of Missouri.... 
Stete Uhntry 

LANCASTER, OHIO. 

Dj. J. H. Bigalow 

LAXsnre, mcinoiK. 

State Agricultural College 

Stete LibxMy 

LBOW, HEW TORE. 

T. ApotooB GlMiMy 

UTTLB BOCK, ARKAHSAfl. 

Stete libnwy 

LOUtSTOLLB, XBITDCKT. 

Colonel Lonj^ 

Professor J. tiawrence Smith 

Dr. L. P. YaodaU 
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■t 

Historical Society of Wisconain...... 

Sk a 11 dm av iske Presse- Forening ...... 

Siutu Agricultural Society 

Steto jJbmiy 

MONTPELTGR, VERMONT. 

Satorical and Autiquariaa Society of 

Tennont 

State Library ...................... 

Albert Uager. 

MOHTKKAL, CAXADA BAST. 

Natural History Soolafy 

Professor Billinps 

Thomuii E. Blackwell 

Professor J. W. Dmhou. ............ 

Sir W, Lopran 

Professor T. S. Hum 

M.T4))7d«Lokbi]iiAie 

RBW BRUNSWICK, VEW JBRffiT. 

tttological Surrey of Nenr Jersey.... 
nofesBor George H. Cook 

KEW HAVEN, CONNECTICUT. 

American Journal of Science and Arts 
American Oriental Society........... 

Yale Collo?o 

Professor J. D. Dana 

Professor E. Loomis , 

I^rofessor B. Silliman.. 

Fkoftssor W. D. Whitncj 



OBLEAMS, LOmUOAKA* 



New Orlflam AwMiemy of KatunJ 8d- 

HEW TCRKi H* T* 

American Agriculturist 

American EUinological Society....... 

American Geograpucaland Statistical 

Society , 

American Institute 

Aster Library 

Farmer and Mechanic. 

Historical Society 

Journal of FharnUMy....* 

Medical CoUege 

Hew York City Lnnadc Asyhnn 

New York Deutiil Jouiuul 

New Yoiklgrceiimof NaturalHifitoiy. 



2 
1 

16 
9 



1 

6 
1 



n 

o 

I 

3 
2 
1 
1 



2 
3 



32 
14 

1 
18 

5 
21 

4 



13 



1 

2 

29 
1 
5 
1 
2 
1 
1 
1 
] 
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HKW TOBK, M. T.«CtolltilMMd. 

Univeisity... 

W.Cooper : 

Dr. Draper-. , 

Dr. Daniel Eafam. 

T. Eglaston 

D.aTBIHot 

T. W. Greene 

Dr. Harper 

C. P. ixmg , 

G. N. Lawrence ................ 

Charles B. Norton.................. 

Edward Norton 

Baron Ostensacken. ...... .......... 

Temple Prime..... 

John H. Redfield....... ............ 

Jaiiit's Keinvitk ........ 

Dr. JoLuTurrey 

Mr. Wheatiegr 

NORTHAMPTON, MASSACHUSETTS. 

Mr. Lyman...... .., 

TenHorial Library , 

OMAHA, NEBfiASKA. 

State lifasMy , 

■ 

OWBGOb mW TOBS. 

Mr. Pnmpelly , 

PBOBIA, ILLUrCMS. 

Dr. BaBBdel 

- PHILADELPHIA, PfiNNSXLTANIA. 

Academy of Halmal Sdenoii.... .... 

American Philosophical fiodefy...... 

Central High School.... , 

Dental Cosmos 

Entomolog-iciil Sodetgr...., 

Franklin Institute .................. 

Historical Society of PennsyWaida... 
Institution for the Blind....... ...... 

Wagner Free Institute.............. 

Dr. Allen. 

A. I). Brown 

Lorin. Ulodget 

J. Cussin...... .......... ...... .... 

F. Clay 

T. A. Conrad 

Dr. E. D. Copo...— 

£. T. Cresson 



114 

56 
1 
1 

4 

14 
8 

3 
3 
1 
1 
1 
1 
1 
1 
4 
1 
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D. — Addreued packages received by the Smithsonian Institution, ffc. — Contmued. 





£. Dnrand 

Professor Haldeman 

Dr. Isaac Lea 

Dr. J. L. Lo Conte. 
Dr. Joseph Leidy — 
H. Norton 

G. Ord 

William Sharswood. 

H. S. Tanner 

George \V. Tryon . . 
Profeesor Wagner 
Horatio C. wood... 



FrofeaMr A. Gujot 

niUVIUSMCB, RHOM ISLAXD* 



Bbode Island HiAUnieal Society. 

State Library 

Professor A. Caswell 



OOtEBBC, CAXADASAST. 



Astronomical Obscryatoiy...... 

Laval University 

Literary and Historical Society . 

<Un»CY, JULLWOIS. 

Df* JolmRttMr 



Dr. Vdio 

Bi^|^aBin D. WaUk 



HTE, XBW YORK. 

JTobn C. J»7 



State Library 

ST. LOUIS, mSBOURI. 

'^>eatflehe Institute fttr Ffttderang der 

Wissenschafteu 

8t. Louis Academy of Bdoneeo 

Bt. Loui.s University 

Dr. George Bemaya 
Dr. George Engef 
Dr. Adam ITummcr. 
Dr. B. F. Shumard. 
JdrnWdf. 



sr. mtnmnjL 
HialorioalSoeiotjof BtPaal 

SALEM, MAMSACUUSETTS. 

Emoz Institute 

BAV FlUHCnOO, CAUPOBVIA. 

California Academy of Natozal Sci- 

cuces 

Professor W. P. Blake 



sAinuao, emu. 

University 

SPRINGFIELD, ILUMOIS. 



Statp Ajrricultural Society 
State Library 



STOGETOir, CAUFOKHLL 

State limatie Aajhun , 

TORONTO, CANADA WEST. 

Bureau of Agricoltoro and Statistiea.. 

Canadian Inatlhifta .< 

Magnetical and Moteoralogkal Obaav* 
vatory ............ 

University College ............ 



TOPBKA, KANSAS. 

State ISbtuj 



State Library 

UnOA, NBWTORK. 



WASIONGTON, D. C. 

Bureau of Ordnance and Sjdrogxapby 

Library of Congreaa 

National Olisors^atory ........ 

Navy Department 

Ordnance Borean 

Eevcnuo Department ..... •••• ...... 

Secretary of State .................. 

Surgeon General United Statee Amj. 

Topofrraphical lliirr-an 

United States Coast Survey ......... 

United Statee Fetank Ofltoe 



3 



1 
4 



1 
7 

1 
1 



1 
4 
83 
3 
8 
1 
1 
S 
1 

S3 
190 
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D. — Addreaed packages reeehtd by SmMihtemiaM JnttUuHem, ^o-Oontanaed. 




WASUiNQTON, D, c. — Coiumued. 



War Department . 

ColurjL-l J. Cir. Abert. ...... 

Professor A. D* Bftcfae .... 

Dr. K. Con^ 

Theo. GiU 

Captain J. M. OilliM 

General Emnrv 

Mr. Glovrr 

Dr. F. V. llayden 

Professor Uubbard 

General A. A. Huniplireys. 
Colonel S. II. LonfT 

1). bmith McCauiejr 

FMfeBaor G. A. HatUe 



6 
4 

SO 
1 
1 

34 
2 
1 
1 
1 
1 
1 
1 
1 



WAnmsQTOUt p. c. — Continued. 



T. Poscbe 

Captain John Hodgerii .. 

8. W. 8imin ........ 

n. n. ^flioolcraft 

Dr. W. SUmpM)u 

W. A. TkeadWay 

11. Uiko.-.. 

Baron Von GtioU 

Ciiptiiin Cbarles Wilkes. 
J oka Xantoa 



WORCB8TER, MAaSACBUSETTS. 

American Antiquarian Society . 



2 
1 



Total of addreaees 873 

Total of paroels 1,! 



Ml SEUM Ai\D COLLECTIONS. 

Tt is Ratifying' to be able to state that the interost in the smbjoct of nrttiiral 
history, which received ?o material a check in ^80 1, and showed symptoms of 
revival in 1862, iiad continued to nianii'egt itself still more strongly during the 
year 1863. No better indication of this could be found than in the increase in 
the number of collections received by the Institution, which amounted to 264 
distinct donations in 18G3, while, in 18G2, there were but 124. 

Among the collections received have been many specimens of great interest ; 
some, the results of special explorations under the auspices of the Institution for 
developing the natui-al history of portions of this continent ; others, the sponta- 
neous offerings of correspondents; and others, again, exchanges received in return 
for donations of sj)(?cimens on the part of the Institution. No addition.'? have 
been made by purchase, tiio Inntitution not having funds at its command for 
this purpose, it hcis, nevertheless, been found that a given amount of money 
can be better applied in meeting the expenses of explorations in particulw 
redone than in Duying collections already made. The results thus obtained 
are usually more varied in their character, and more important, from having 
been accomplislied under definite instructions, and with special reference to the 
acquisition of facts and information additional to that which would be furnished 
by the Bpecimens themselves. It is not merely specimens of natural history 
that are secured in the course of the several explorations, but information is 
obtained r^pecting the habits of animals, the ethnological peculiarities of human 
races, the meteorology, the physical geography, the geology of the country, &c.s 

BXPLOfiATlONS. 

Among the explorations wholly or partially carried on under the auspices of 
the Smithsonian Institotion, and furnishing results of more or less interest, may 
be motioned the following : 

Explorations hy Mr. KennicoU. — A brief mention was made in the last 
report of tlie return ol" Mr. Kennicott, late in 1863, after an absence of nearly 
four years in the north, his movements while there having previously been indi- 



Digitized by Google 



BBPOBT OF THB ASSISTANT 8ECBKTAST. 



53 



cated in the reports of 18.09, 1860, ancl 1861. By the arrival of all liis collec- 
tions, and those of gentlemen connected with the Hudson's Bny Company, who 
have BO liberally aided liim and the Institution in the cfiort to develop a 
knowledge of the natural and physieal history of the north, we are now enaued 
hotter to realize the magnitude of the results of these operations. The collec- 
tions received in 1863 (which include some which should liav(^ arrived in the 
end of 1862) filled forty hoxes and package^j, many of them of l;ir<re '«i5^c, and 
jveighiug, in the aggregate, about 3,U00 pounds. They embraced thour^and.^ of 
kins of birds and mammals, eggs of nearly all the birds nesting in the noi th, 
numaroiis skulls and skeletons of animals, fishes in alcohol and preserved dry» 
insects, fossils* plants, &c. 

Not in anyway inferior in interest and impoilance to*the natural history 
collections were those relating to the ethnological peculiaritien of the Esquimaux 
and dififerent trihes oi indiaus inhabiting the Arctic regions, it is believed that 
no such series is elsewhere to be found of the dresses, weapons, implements» 
utensils, instrament» of war and of the chase, &c., &c., of the aborigines of 
Northern Amenca. 

The cataloguing and labelling of the sj)ecimenH last received is now nearly 
completed, and Mr. Kennicott will then proceed to mtike a detailed report of the 
scientific results of his operations, as well as those of the various gentlemen of 
iSbe Hudson's Bay service who co-operated in the work. The mat^tels at his 
command will serve to fix with precision the relationships of the arctic animals 
to those of more soutln rn regions, their geographical disti ihution, their habits 
and manners, and other particulars of interest, and to exttnid very largely the 
admirable recordti presented by fciu' John llichardson relative to arctic zoology. 

The Institution has already acknowledged, in many ways, its indebtedness 
to the Hudson's Bay Company, as well as to its officers, for their numerous 
favors — the company itself, through its secretary, Mr. Thos. Frascr, of London; 
the gov(!rnnr-\ Sir ('f orge Simpson and Mr. Dallas; Mr. E. M, no})kin8, the 
secretary at MonLrcaij tiie chief factors, Governor Wm. McTavish, Mr. George 
BamstoQ, 1&. John HcKensie, Hr. J. A. Grahame, Kr. Wm. Sinclair; the 
chief traders, Mr. B. B. Boss, Mr. W. L. Hardisty, Mr. 11. Campbell, Mr. Jas. 
Lockhart, and others, together with Mr. If ^V. MacFarlane, Mr. L. Clarke, Mr. 
S. Jones, Mr. J. S. Onion, the Rev. W. W. Kirkby, Mes?rp. Andrew and 
James Flett, Mr. 0. P. Gaudet, Mr. John Reid, Mr. Harriot, and others — ail 
have lent their aid towards the accomplishment of the work — every possible 
&ciUty was given to Mr. Kennicott, every privilege granted within the rules of 
the company. At all the posts he was an honored guest, and he and his col- 
lections and outfit were transported from point to point in the company's boats 
and sledges without charge. 

In addition to collections from the region traversed by Mr. Kennicott iu hia 
tovuc years' exploration, some valuable specimens have been received from other 
points of British North America. Conspicuous among these is a series of birds 
and eggs from Rigolette, in Labrador, gathered by !\lr. Henry Conolly, of the 
Hudson's Bay Company's service, nnd brought to Boston, without charge, by 
Mr. J. W. Dodge. This collection embraced specimens of the i*are Labrador 
£edcou, and othera of much interest. A collection of birds and other objects 
of natural history, made at Moose Factory, for the Institution, by Mr. John 
McKoizie, has reached London by ship horn Hudson's Bay, and may shortly 
be expected in Washington. 

Exploration of Wci^fein Mexico hjf Mr. Xanfus. — In my last report I men- 
tioned that Mr. John Xautus, so long and isO well known in couuexiuu with 
explorations about Fort Biley, Kansas, Fort Tejon, California, and Gape 8t. 
Lucas, was about proceeding to a new field of operations. He left Kcnv York 
on the 11th of December, 1868, for Manzanillo, Mexico, the Panama Baihroad 
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Company aad the Pacific ICaO Steamsliip Company, with that llbenlitf tfaey 
have 80 steadity exhibited in their tranBactions with the Institution, having 

given free pfisj»Mp^f' over their respective rontps to himsolf and hiR outfit. Mr. 
Xantim arrived at Manzaiiillo early in January, 18G.'J, and making' this and 
Coliina his princijtal ])oiuta of departure, extended his explorations in Viirious 
directione, especially among die mountain r^ona. He ki still occupied in Ins 
labors, the field being very extensive and of varied interest. Many of his col- 
lections have already been received, and fotmd to contain numerous F])ecie8 
of birds, reptiles, fishes, shells, &;c., new to science, while «)tli(^rB throw much 
light on tiie geographical distribution ot the plants and animals of Mexico and 
Central America. 

Es^hratiom in Cotta Rica. — ^For eome time past much attention has been 

directed by naturalists toward the natural history of Costa Rica, a region which, 
from its peculiar physical conformation, indicated a fauna quite different from 
that of the ad jacent states. The birds were particularly sought after owing to 
the many remarkable forms, brought to light by travellers. It was, therefore^ 
vith no little gratification that a collection of biids, made by Pr. A. Von Frmnt- 
ziuflf an eminent naturalist and physician, resident in Costa Uicat aided by the 
Hon. C. N. Riotte, Unit* d States minifstcr, and Mr. J. Camiol, was received a 
lew muuths ago at the lu&titution. A careful examination of these specimens 

{)roved that the peculiar interest of the fauna had not been overestimated, a 
arge proportion of the species being either new, or but recently described* 
Additional collections, shortly expected from Dr. Yon Frantsine, will, it IB 
hoped, increase still more our knowledge of the ^^Jlecie^!. 

Miscellaneous explnrafion.'i in Mexico. — For several years pai^t a highly valued 
meteorological correspondent of the Institution, Dr. Charles ISartorius, of Mira- 
dor, has made contributions of specimens of the natural history of his vicinity. 
During the year several collections were received from him of much interest and 
importance, especially certain species of Mexican deer, recently described, and 
but little known. As Dr. Sartorius, aided by his son, ^fr. Florentin Sartorius, 
is now engaged in preparing an account of the animals of eaptern Mexico, with 
special reference to their habits, &c., it is a source of gratiiieation to us to have it 
in our power to aid him by identifying the species from his specimens, whieh his 
remoteness from large collections and libraries prevents him from doing for him- 
self. Prof. F. Sumichrast. of Orizaba, has also made valuable contributions of 
birds and mammal? of Mexico, and propoFCf to renew the.«e whenever the con- 
dition of the internal atlairs of Mexico will allow of the transmission of his 
collections. Dr. Or. Berendt, of Tabasco, is also occupied in a similar, manner 
in the interest of science and of the Institution. 

Explorations in Guatemala and the west coast of Central iliMTKia.— -Mr. 
Osbert Salvin, nn eminent En^lisli ornithologist, who has spent many years in 
the exploration of Guatemala, haa transmitted to the Institution a second col- 
lection of the birds of that region. As these contain specimens of most of his 
new species, and all have been carefnlly compared, as fiur as practicable, widi 
the types, \x\6 s< i ies of birds is of especiu value, as fomishing standai^ fi>r the 
identification of other collecti'mH. 

Additional collections of niucii interest continne to be sent to the Institution 
by Captain J. M. Dow, of the Panama Eaikoad Company, so frequently men- 
tioned in my previous reports. Certain rare birds and fishes collected by him 
are especially noteworthy. 

Trinidad. — A collection of nearly fifty species of birds of Trinidad waa pre- 
sented by Mr. O ilody, United States consul at Antigua, embracing many species 
not formerly in possession of the Institution. 

Januiica. — Mr. W. T. March, from whom the Institution has already received 
extensive eollections In Jamaican aoology, has again made an impoi^tailt contri- 
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button of au extensive (^crios of birdn' iitsts atid ej^j^s, the materials upon which 
he haded a memoir on the bird» of Jamaica, traaomitted to the Institution, to b« 
poUblied by the Philadelphia Academy of Natnral ScieneeB, and printed in ita 
jMroceedings for November, 1863. 

Cuba. — Additional collections were received during the year from Mr. Charles 
Wrig^ht and ProfesBor F. Poey, embracing new and rare specie? of birds, sheila, . 
reptile^}, and lishes. Some collectioua, trausmitted by \)t. J, G^lmdhu^h, have 
not yet readied us. 

Seuadar. — ^The Hon. 0. B. Buckalew, now United Statea Benatof , whi]^ 
United States minister, resident at Ecuador, made quite an extensive ooUeetiion 
of the birds of that country, which lie has lately presented to the InatitOlioB* 
Nearly all of the specicH thus obtained were new to the cabinet. 

No collections of magnitude, from regions or localities other than -iimcricau, 
have been reeeived daring the year, ft ifl not Ae intention or expectation of 
the Institution to mahe gen< ral collectioaa of the natural histoir of the globoi 
•^either its space nor available funds warranting so brijad a field of operations. 
By limiting its labor to America, a hope may be entertained of pOflBOflfling, in 
time, a complete series of the animals of the contiimt. 

Exotia ooDectiona, aa &r aa they are ipoata&eovaly ofoed, and especiaUy 
Meh aa an necessary to illustrate the dharactera <« Ameriean apeciei* are 
always acceptable, and the spedmens gathered by the govermonent explorii^ 
expeditions, of which the Smithsonian Institution is the custodian, will always 
be carefully preserved ; but any especial efforts towards the increase of the 
museum may advautageoubly be conhued, as a general policy, to the !New 
World. 

The most important additions, it wUl be readily 8ecii» relate to the class of 
birds. Desirous of extending the observations upon the birds of North 
America, as published in the ninth volume of the Pacific railroad report, a cir- 
cular was issued by the institution, which has been distributed by the State 
Department to the eoneular and diplomatw odioeia of the United S&tee In the 
iuSiga portions of America, aakiag aid in completing the eoUeetion of birds ; 
and important additions are expected from the request thus extended. The 
materials received will be used, in cc^nexion with those .already in poBsession 
of the Institution, in the preparation of catalogues and monographs relative to 
American ornithology. 

Among the specimens reeved by the IintitBlslon dwing tha year ehovld 
especially be mentioned the great Ainsa or Tucson meteoxitow 

This meteorite was first discovered by the Jesuit missionaries in Sonora, by 
whom it was considered a great curiosity, exciting much speculation as to its 
origin. In 17u5 the "Gran Gapitau de lad Provinciaa del Occidente, Don Juau 
Baptista Ansa, was indneed to yiait the erotite," and found it at a pkuse eaUed 
**£oi Muckackat" in the Sierra Madie, and, strnak with its appaiiMieey undm^ 
took to transport it to San Bias, then the nearest port of entry, with the "view 
of carrying it to Spain. With this object it was brought a& fai as the Presidio, 
near Tucson, in Arizona, and left there on account of the dif&ccdty of carrying 
it any fbrtber. After tiie withdrawal of the Spanish garrieon ft was taken into 
the town of Toeson* eet up Terticallyy and used as a kind of pnhlia aavili of 
which it bears marks at the present time. In this condition it was seen and 
reported upon by various travellers ; among others it was visited by John R. 
Bartlett, July 18, 1852, at the time Commissioner of the United States and 
Mexican Boundary Survey. Mr. Bartlett gives a shorl account of it, (Personal 
Nairatire, Tohuae II, p. 297*) accompanied by a figure, (the lower one on tha 
phlite^) where it is represented as resting upon two la^^ owil^ to the lower 
part of the ring, of which it consists, being buried in the ground. His nfltiwato 
of flix hundred pon^ aa its weight falls iar within the actual amount. 
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In l^/)?, Dr. B. J. D. Irwin, United States army, then stationed at Fort 
Buchanan, Bouth of Tucson, found this meteorite lying iu one of the by streets 
oi liio village, half buried in the earth. Ab no one clidmed it, he publicly 
announced ms intention to take poseeeBion of it and forward it to the SmiUi- 
Bonian Inetitution, whenever an opportanity offered. Some time after, aaaiBted 
by Mr. Palatiuo Robinpon, of TnCBOU, (near to whoso house the meteorite lay,) 
he succeeded in having' it sent, by the agency of Mr. Augustine Ainza, to 
fiermosillo, where it remained for some time at the hacienda of Don Manuel 
Ynigo, father-in-law of Mr. Ainsa. 

In May, 1863, Mr. Jesus Ainza, brother of Mr. Augustine Ainza, and grand- 
son of Doua Ana Ainza dt; Iglas, the daughter of Don Juan Bautista Ainza, 
visited ^Sonora, and on his return brought the meteorite with him to San Fran- 
dflco, where it was delivered by his brother, M. Santiago Ainsa, to the agent 
<rf the Smithsonian Ins^tntion, Mr. A. B. Forbes, of the Pacific lUl Steamship 
Company, and forwarded by him, via the Isthmus, to Washington, where it 
arrived in November, and is now on exhibition, and the great object of attraction"* 
to visitors in the Smithsonian hall. It ia proper to state that, although Dr. 
Irwin was authorized to expend whatever waa necessary to secure the trans- 
mission of the meteorite to San Francisco, beyond some small expeu^es paid 
hy him for placing it upon the track in TncBon, no charge was made by the 
Ainza family for tlic cost of trauBportation to Gnaymas and deliyeiy to tiie 
Pacific Mail Steamship Company, performed partly with their own wagon? 
and partly by other means of conveyance. It was brought Iree of charge from 
Guaymas to San Francisco by the Flint and Haliday line of steamers. While 
on the route to New York the Pacific Hail Steamship Company and the 
Panama Baikoad Company, with that liberality which haB ever characterized 
their intercourse with the Smithsonian InBtitution* transported it without 
«kpense to Aspinwall, and thence to New York. 

The meteorite is in the shape of an immense .«iguet ring, much heavier on 
one side, where it ie nearly Hat on its enter sudace, and presents the face used 
as an anyil. The greatest exterior diameter iB 49 inches ; width of thickest 
part of the ring 9 inches, the least 38 inches ; the greatest width of the central 
opening, 23 inches; width of thicker^t p-ici of the ring, 17A inrljop. The weight 
is now 1,400 pounds, but some portions have been removed trom time to time, 
probably reducing it considerably. Its composition is principally of iron, with 
mull specks of a whitish ailicions mineral diffosed thiongh it 

A carefol chemical and physical examination of the meteorite will he made 
by Professor G. J. Brush, of New Haven, to whom the Smithsonian Institntioiil 
has committed the subject for a detfnlcrl report. 

As the serolite was iirst brought irom the mountains north of Tucson by ike 
great gtandfother of the gentleman to whose exertions in transporting it to 
Washington the Institution owes so much, it is proposed to call it the Amsa 
meteorite." To Dr. Irwin, of the United States medical departmeilt» the Inatip 
tution i-^ also under great obligations for his agency in securing this specimen. 

Dr. irwm states that the inhabitants of Tucson have a tradition that a shower 
of these meteorites took place in the Santa Catarina mountains about two hun- 
dred years ago» and that there are many other masses of a aimihir character 
yet remaining in those monntains. 

This meteorite h among the largest known, and in this country is only 
exceeded a little in weight by the Gibbs meteorite in the cabinet of i'ale Col- 
lege, New Haven, while it surpasses the latter in size, being disposed in the 
fonu of a ring instead of a solid mass. 

Uha Smithsonian Instltotion also possesses the third largest meteorite in the 
country in the "Couch meteorite," weighing 252 pounds, and brought from 
Nortlicastem Mexico by M^or General D. N. Coach, and by him presented 
to the Institution. 
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IDBNTIPICATION OP SPBCtMUNS. 

Continued progress has been made during the year in the determination and 
arran^omnnt of tlie species in tlic Sinith.-^onian collections, and the cabinet is 
gradually becoming more and more useful for reference and study. Any appa- 
rent shortcoming in this respect will be excused iu view of the fact that the 
work done is mainly a Tolnntary contiftntion on the part of geutlemeD engaged 
!n sulking special ezAminations of the Smithaoniiui coUeetionB, and the Insti- 
tntioD is under many obligations for their assistance* 

DISTRIBUTION OP SPECIMENS. 

In accordance with the plan of the Institution, as fast as the ideulilication 
of the species is satisfactorily accomplished, the duplicate specimens are set 
aside for distribution to such museums at home and abroad as appear to be 
suitable recipients. The total number of objects thus distributed to the end 
.of the year 1863, all properly determined and labelled, amounts to 2^,6^1 
species, and 50,601 specimens, as shown by the following schedule : 

Statement of speeimau of Ttatural history dutribuied by the SmiUhtontan In$ti- 

tutioH up to December 31, 1863. 



Mam mala 

Bird! 

Beptilei 

Pishes 

Cnutaoeaus . , 

Radiates 

Ifollnskt ..... 
Invertt'brateB, 

secta, &,c 

£ggB or birds 

F avail lnTert«bra(«g. 
Fouil 
Skalli 



in- 



Prior to 1854. 



I 

00 



S 

I 



5 
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In the index to the three volumes of transmlssionB of specimens for examina- 
tion, or donntiou, the nameB of two hundred and fifty-nmeiiiBtitutioiia and indi- 
viduals are entered up to August, 1S63. 

N. B. — ^The preceding enumeration of specimens distributed docs not include 
the specimens (duplicates) retained by oollaboratorB in behalf of eertain author- 
ized collections — aa of insects, by Messrs. Leconte, Uhler, Morris, O.-itensncken, 
Sanssnro, Ivhvards, Haf^en, Loew, Scudder, <}tc. ; of vm'tebrate fo><.«ils, by Leidy, 
for the l*hiladolphia Academy; of fishes, by Professor Agnm'\z; shells, by 
Messrs. Carpenter, Binney, Tryou, &,c. ; mammals, by Messrs. Lecoute. Allen, 
ftc; birds, oy Mr. Gassin ; reptiles, by Mr. dope; plants, by Messrs. Torrey, 
Gray, Engelman, and Eaton. These will probably amount to at least 10,000 
species, and 20,000 specimens additional. 

Tlte catalopjninp^ of specimen. <^ in the record-book^ of the Institution has been 
coutmued during the year, and, as will be seen by the accompanying table, now 
amounts to 86,647 entries, being an increase, since 1863, of over 12,000. 
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Table showing the total number of entries on tJie record-hooks of the SmithMflwm, 
coUeciion at tiie end 4tf the years 1851, iH^^t and lb(i3. 



Skeletons and skulls... 

MaiJimals 

Birds , 

Beptilcs 

Fishes 

Eggs ot birds......... 

CniBtace»as 

Molliitks..... 

Radiates...... ...... 

Fossils . 

Minerals 

Ethnological speeimeiui 
Aiuiellds 

Total 



1861. 1862. 



1863. 



4, 459 
5, 550 
•A 510 
6,088 
3,043 
4,830 
1,287 
9,718 
1,800 
1,031 
3,500 
550 
105 



66,075 



4,750 
o.UUO 

26, 157 
6,311 
4,925 
6,000 
1,287 

10, 000 
2. 675 
2, lOU 
3,725 
825 
109 



74,764 



6,275 
7,175 

31,800 
6,325 
5,075 
7,275 
1,287 

10, 450 
;i,725 
2,550 
4,925 
875 
110 



86,947 



LIST OF DONATIONS TO THE IfUSEIJM OF TEDB SIOTHSONIAK INSTinmON 

m 1863. 

Atkins f Xr. 8, — Eg^ of birds and Bhells from Ohio. 

Ainsat J. — Sec Trwin. 

Akkurst, J. — B'ncU from St. Thomas, Weet Indief. 

Baer, O. P. — Uiiionidae from Indiana. 

Baird, S. F. — iron ore from Hanover station ; series of skios and cgj^a of birds, 
mammals, fishes, and invertebrateB, from Wood's Hole and Oohas^t, Maiida- 
chusetts. 

Baird, Mrs. S. F. — Leuciscuty froui P )tomac riTer. 

Beadle, Rev. E. R. — Bergen Hill mmerals. 

Bean, W. — Collection of annelids and cirripcds of ijtesX Britabl. 

Behrens, Dr.— 'Insects from California. 

Berlin Musemn,-^i skioa of birds of Oentral and South America. 

Befhau:, Rci\ C. S. — Skin of Scalops hreweri, Canada. 
Black 77ian, Jfr.^Skins and eggs of birds, Illinois. 
Blake, W. P. — Kog of fishes froui Hakodadi, Japan. 
Bland, Tluimas. — SpiraxLs, from West Indies. ' 

Boardmant George ^.-^£mbryo Canada grouse in alcohd j skins and eggs of 

birds. 

Bouve, Thomas T—L;u p;^e crystals of beryl. * 

Brass, W. — Birds, raammala, &;c., Fort Ilalkett. 

Brevoort, J. C. — Fresh specimen of Zoarces anguillaris. 

Bntekartf H. G^.'^-Inseets fnmi Lancaster county, Pennsylvania. 

Buckaleio, Hon. C. R. — Collection of birds of Ecuador. 

Burlinsj^. W. — Skill of MaUatm pelagicus from the Amoor nvm* (Through 

iSamucl Hubbard.) 
Carmolt J. — Skins of Costa Kican birds. 
Carpenier, P. P^Fossils from vicinity of Moscow. 

Carpenter, Robbie &— *Skinof starling, Slumus vulgarih Warrington, England. 
Clark, Laterenae^A general loological ooUection from IToit Raoi Great Slave 

lake. 

Ckficman, Lyman. — Seeds of Damascus thorn ; petrified wood from Cairo. 
VokKumt W, TV-Birds and em from Canada. 
ConuUekt il— Guttinga cf Caluwnua gMfea* 
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CmoUyf H. — Skina and egg3 of birds from Labrador. 

Cooper, Dr. J. G. — Shells of California. 

Coues, Dr. E. — Series of skins of birds of District of Columbia. 

Cowlcst P- ^V- — liisecta from Vick»burg. 

Ckosien Dr, E. Yorticella, &&, New Albany, Indiana. 

De Snmsure, Dr, H* — Skins of Mexican birds, and iacaekrian antiqnities of 

Switzerland. 

Dirhitsch, Prof'es,sor If — Rami pipiens. 

Dodd, P, W. — Skuiiji of animals and eggs of birds from Sable island. 

Dvw, Captain J. M. — Skine of mammals, and birds, fishes, &c., from west 

coast of Ci'iitral America. 
DreWt Dr. F. P. — Collection of reptiles and eggs of birds from KanStt. 
Drewsen, Charles. — Series of Greenland ph(»lls. 
Drexlcr, C. — Series of skins of birds of tbe District of Columbia. 
Egleston, T<ik»»ta«.>— Series of European fossils. 
Mliot, D. G. — Skins of European gulls ; skins of humming birds. 
Elliot, H. W. — Large collection of Unionidfls; shells, in alcohol, Ohio. 
Ennchrvnnu Dr. — Fossils from Illinois. ' 
Fairbanks, Professor. — Box of egg.s. 
Fay, Joseph S. — Cbloraatrolitc from Lake Superior. 
Fleitj ^ff^m<;.-^Skins and eggs of birds ; Fort Normann. 
Fleet, James. — Eggs of birds, &c., from La Pierre's bouse. 
Foreinan, Dr. E — Five boxes of minerals from Maryland. 
Freiburg, Mining Academy of. — Box of miueralogical and geological speci- 

mcus from Germany. 
Fiick^ Dr, — Shells of Oalifbmia and Japan. 
Galody, M.— Skins of birds of Trinidad. 
Gd'idrf, C. P. — SkiuB and etrj-'s of birds, from Peel's river. 
Gibbs, Giorge. — Indian cniio.-^iticp. 

GilUss, U. S. N., Captain. — Six boxes of microscopic soundiugs. 
Gilpiny Dr, J. B. — Series of shrews and mice of Kova Sootia. 

Goldsmith, Dr. J/.— Cricket from the Mammoth Gave, Kentucky. 
Gould, Dr. A. A. — Eortj species of MelaniadtB. 
Grahame, J. A. — Skins of mammalf, &e.. Norway House. 
Giehel, Dr. C. — Three boxeti of insects of Europe, species.) 
QnUter, Ferd, — Skins and eggs of birds fi'om GaliSoaiiia. 
Gundlach, Dr. J. — Specimens of Gundlachia, Cuba. 

Gunn, Donald, — ^Skins and eggs of birds from fied Biver settlement and Lake 

Winipcg. 

Haldeman, Professor S. S, — Types of the species of Melaniada described by 
him. 

Ha/h W. P.— Birds and eggs from Massachnsetts. 

Hamilton, R. — Collection of skins and eggs of birds from Qreat Whole riTef» 

(tbronprh ^Ir. Cicorf^e Raniston.) 
Hardisty, IV. L. — Birds, mammais, »Scc., from Fort Liard. 
Harris, W. O. — Minerals from Chester county. 
Harriott Jl!fr.^Skins of birds from Fox^ Anderson. 
Hays, Dr. W. W. — Fishes, &c., from Sacramento river. 
Haydcii, Dr. F. V. — Alcoholic si»ecimens, Beanfort, South Carolina. 
Huymofid, Dr. R. — Cypris IVom Indiana. 

Heplmrn, James. — Skins and eggs of birds iiom the l^acilic coast. 
Hibhardi Franeis.^Lead ore from New Brunswick. 

Hdtbard, J<://«^*.— Antimony ores, New Brunswick. 

Hitz, R. /?. S^- George. — 1.200 e<r^s, of twelve .species of birdp, from Northamp- 
ton comity, Virginia, with shells, &c. (See also Stimpson.) Fossils &ou 
A^uia creek. 



Digitized by Google 



60 



APPENDIX TO THE BEPOBT OF THE SEOBETABY. 



Hoge, Mr. — Skin of boa from the Serapiqui river. 
Httpe, John. — Eggs of birds, fishes, &;c., Great Bear lake. 
Hotaling, C. — Bock ealt from LouiBiaiuu 
HoxUt W. — ^InsectB from Massachusetts. 
Hoy, Dr. P, R. — ^Nests and eggs from Racine. 
Hunt, General L. C. — Indian knife, Klamath lake. 

Irwin, Dr. W. W., and J. At ma. — ^Meteorite from Tucaou, weighing 1,400 pounds. 
Jeffreys, Mr. — ^Box of mlneralB of Chester county, Pennsylvania. 
Jimat fi^troeftan.— Eggs of birda, &;c., from the Yukon. 
JiiUan, A. A— 4Sleries of fishes, &c., Sombrero island. 

Keep, Rev. Marcus R. — Moosp liorns from Maine. 
Kennedy, Dr. H. W. — Collection of repliies of Uruguay. 
Kennkott, R. — lueects, eggs, &c., from Illinois. 

KameaU, R,, and other*. — ^Fifteen boxes, three bales, one keg, and one chest 
of Arctic collections. Mr. Kennicott'e collections principally from the mouth 
of the Porcupine river, Peel's river, Fort Good Hope, La Pierre's house, li^ort 

Resolution, &c. 
Kirtland, Dr. J. F. — Two boxes of western Unionida. 
KTt0tt Dr. G., (throngh W. Cooper.) — Collection of Australian reptfles. 

Kridert John. — ^jlonnted hawks. 
Lijpham, I. A. — Unianklo' of Wisconsin. 

Lawrence, George N. — Bkin.s of birds from (Jeutral America and Panama. 
Leat Isaac. — Box of Unionifice, and one hundred species of Melaniada. 
LewUf James, Dr* — ^Large collection of land and nuTiatile shells from the in* 

terior of New York. 
Tjockhart, James. — T^arge scries of zoological specimens, principally hirdp' eggs, 

from the Yukon ; skins of birds, mammals, eggs, &c., from Fort ILesolution. 
Lykinst W. H. R. — ^Fossils from KanBas. 

MacFarkmet R. W. — general soological and ethnological ccileetion from 

vicinity of the Anderson river, Arctic America. 
McGuire, J, C. — ^Two boxes of Uniontdce. 
McKenzie, Hector. — Birds' eggs from Red river. 
McKenzie, J. — Birds, &c., from Fort Resolution. 
McKenzie, Roderick, — Birds' eggs from Lake Manitobah* 
JlScMurrapt H^.— vBirds' eggs from l^inip^ river. 

MaeThv9&, Gov. WUUam. — ^Skins and eggs of birds, &c from the Bed Biver 

country. 

Mann, WilUajti. — Skins of Pinicola canadenms. Lake Superior. 
Marcky W. Thomas. — I'hrcc boxes of skins, nests and eggs of Jamaican 
birds. 

Jlfeeft, F. B. — Series of fossils from New Jersey and Maryland. 

Moore, Carletan R. — ^Double tail of Limtd?f.t. 

Michener, Dr. E4 — ^^156 crania of burds, and 54 of mammals ; two boxes of 
mmerals. 

Onion, J. iS.— 'Plants, eggs, &c., from Fort Good Hope. 
Painter, Dr. E. — Fossils, minerals, &c., Pike's Peak. 

Parker, Rrr. H. W. — Marine shells, United States, and two boxes of minerals 

from Kew licdford. 

Parkinson, D. T. — Skins and eggs of bu'de, Indian skulls, plants, &c., Fort 
Crook, California. 

Philadelphia Amdemy of Natural Sciences — Seventy ppecies of Melamadm. 
Piper, Col., (10th regiment New York volunteer artilleiy.)^Bock specimens 

and fossil Avood from Fort Meigp(, near Washington. 
Pocy, Prof. F. — Collection of bats and NcuropUra; fishes from Cuba. 
Po^, Henry. — ^<'Cone In cone" in slate. From a shaft Bvaik in the Harbor 

Vein coal sesm. Little Ohus^ Bay, Gape Breton. 



Digitized by Google 



SKPORT OF THB ASSISTANT SECBETABT. 



61 



Prentiss, D. W. — Scries of skins of birds of the District of Oolumbia. 
QuuckcnbusA, Leslie R. — Fossils of the Uiica slate. 

Reed, John. — Skins and eggs of birds from Big Island^ Great Slave Lake. One 
collection through L. €larke» jr. 

Reed, Peter. — ^orex platyrhinus, Washington conntjTi New York* 
Richards, Thos. — Skins of birds, &c., from Temii^Cfiminp^no. 
Hiotte, Han. C. — Keptilcs and insects in alcohol, skms of birds* shells* 
Costa Rica. 

RUekie, /. P.— Skin and egg of Btiteo pemuylvanMua from MasBachuBetts. 
Rodgerst Conmodore /oAjt^BthnologiGal collections p£ the North Pacific Ex- 

plorinf* Expeiition. 

Ruxs, B. R. — A gcncrfil j^oological collection from i^ort Simpson and vicinity. 
Rotunseau, E. — Box of bhclU from 2st!w York. 
Saemaimt L. — Box of European minerals* 

Salisbury, Dr. S. H. — Scalops in alcohol from Fairfield ooiui^» Ohio* 

Salle, A. — Skins of ]\rf:xican birrls. ^ 
Salrin, O — Collection of birds of Guatemala, (150 t+pecicHi.) 
Sartohus, Dr. C. — Collection of birds, mammaisj, alcoholic spccimenSi A^., 
Mexico. 

Schmidt, Dr — Birds from the vicinity of Washington, coUeeted by the late 

Cha8. F. ScliiTi'rlt 
Sc/atcr, Dr. F. L. — Skins of Mexican birds. 
htmpson, George B. — Copper spcar-head, and other relics. 
Sitka, Governor of. — ^Box of Crustacea. (Through Mr. Jas. Hepburn.) 
Springer, P. 31. — Skins and sterna of birds, Illinois. 

Stimpson, Dr. W, — ^Three boxes of marine invertebrates of Great Britain ; two 

of American. 

• Stimpson, Dr. W. and JR. Hitz. — Three boxes shells, eggs, &c., Northamp- 
ton county, Virginia. 
Smmkhrctst, Prof. Mammals and birds of Mexico. 
Surgeon General. — ^I'ertiary fossils, Suffolk, Virginia. 

Srcan, J. G. — Indian curiosities, skins of birds, eggs, shells, fishes, &e., from 

Puget Hound. 

T/umson, J. H — Box of New England shells. ^^ 
Talman* J. TFw— Skins and eggs of birds of lUinoia. 

Thtmbnll, George. — "Wavellite from Chester county. 

Tri/on, G. ir. — One hundred and twenty-five species o£ Melaniada* 

Ulke, II. — SkiiiH of birds from lUniois. 

Van Cortlandi, Dr. E. — Mammals m alcohol, skins of LepidoHeua, &c., £iom 
Ottawa. 

Frantzius, Dr. — Collection of birds and mammals from Costa Rica. 
Vcltr. / >/-. .T. ^V. — K;j:jrs of Protovofaria ritrca, &c , from Illinois. 
Vicnyiu GvohgLschcs Rcichs-Anstali. — Collection of Austrian fossils. 
Walker, R. O. — Fishes, sheila, skulls, &c., Allegheny county, Pennsylvania. 
White, Dr, — ^Marine shells and skulls of mammals, Isthmus, Panama. 
Willi s, J, A.— Shells, eggs, and fishes of Nova Scotia. 
Williayn t College hyrcitm, - Kggs of Orocnland birds. 
WUson, N. — Seeds of plants* from Jamaica. (Thrrnvj;']) Thos. Bland.) 
Wing ate, J. D. — ^Box of shells, Beilefonte, Pennsyivauiu. 
WooiiVoorth, Dr. J. M. — Reptiles and insects from Memphis. 
Wouion, W. G r^kxwA and eggs of birds of Nova Scotia. 
Wright, Chas. — Birds, t^liell.s, and insects of Cuba. 

Wynne, Dr. Jas. — Specimen of sphinx or hawk moth from Central America. 
TUtntus, John. — Ifourteen boxes of mammals, birds, and other animals, plants 
&e., from Manzanillo, CoUma, && 
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LIST OF WOBRB PUBLISHED tS 1863. 

(155.) Ancient Mining; on the Bliores of Lake Superior. By Charles Whit- 
tlesey. 4to., pp. 32. and one map. (Published Apnl, 1863.) 

(146.) Meteorolo<;ieal Obseryations is the Arctic Seas. By Sir Leopold 
UrcCHntock, R. N. Made on board the Arctic searching yacht "Fox," in 
Baffin'.* Bay and Vvmco Roj^cnt's Tiilet in 1857, 1858, and i sr>9. Reduced and 
dLiCussed at the expense of the Smithaonian Institution by Charles A. Schotti 
Assistant United States Coast Sui'vey. 4to., pp. 160, and one map. 

A small edition of this work was published in May, 1863» but ihe final iscnie, 
with corrections and additions, took place in 1863. 

(IGG.) Records and Rcsiults of a Magnetic Survey of Pennsylvania and parts 
of adjacent States in 1810 and 1841, with some additional Records and Results 
of 1834, 1835, 1843, and 1862, and a map. By A. D. Bache, LL.D., F. 11. S., 
Member of Corresponding Academy of ScieneeSf Paris ; President of National 
Aeademy of Sciences ; Supcnntendent United States Coast Survey. 4to., pp. 
88, and one map. (Published October, 1863.) 

(169.) Roj'parchpf? upon the Anatomy and Physiology of Respiration in the 
Chelonia. By S. Weir Mitchell, M. D., and George R, Morehouse, M. D. 4to., 
pp. 50. (Published Apttl, 1863.) 

(196.) Catalogue of Minerals, with their Formulas, &c. Prepared for the 
Smithsonian Institution by T. Egleston. 8vo., pp. 42. 

(140.) List of the Coleoptera of North America. Prepared for the Smithso- 
nian Institution by John L. Leconte, M.D. Parti. 8vo.,pp.60. (Published 
March, 1863.) 

(167.) New Species of North American Coleoptera. Prepared for the Smith- 
sonian Institution by John L. Leconte, M. D. Part I. 8to., pp. 94. (Pub- 
lished March, 18G3.) 

(142.) Bibliof^ra})liy of North American Concholo^'-y previous to the year 
1860. Prepared for the Smithsonian Institution by W. (Jr. Binney. Part I. 
American authors. 8vo., pp. 658. (Published March, 1863.) 

(171.) Monograph of the Diptera of Kortli America. Prepared for the Smith- 
sonian Institution by II. Loew. Part 11. £dited by B. Ostensadcen. Svo^ 
pp. 340. (Publislied January, 1864.) 

(160.) Instructions relative to the Ethnology and Philology of America. 
Prepared for the Smithsonian Institution hj George Gibbs. 8vo., pp. 36. 
(Published March, 1863.) 

(161.) A Dictionary of the Chinook Jargon or Trade Lang^uage of Oregon. 
Prepared for the Smithsonian Institution by George Gibbs. 8vo,, pp. 60. 
(Published March, 1863.) 

Systematic index to the list of foreign correspondents of the Smithsonian 
Institution, corrected to January, 1862. 8vo., pp. 16. 

Appendix to the li^^t of foreign oofiespondents of the Smithsonian Institation, 
corrected to January, J 8(53. 8vo., pp. 7. 

(170.) Comparative Vocabulary. Reprinted from the Smitli.iouian Instruc- 
tions relative to ethnology and philology. 4to., pp. 20. (Published May, 1863.) 

WORKS STILL ]N PRB88. 

(174.) Bibliography of North American Conchology. By W. G. Binney. 
Part II. 8vo.> 239 pages stereotyped. 

fl43.) Synopsis of Air Breathing Shells. By W. G. Btnn^. 8yo. 

fl44.) Synopsi^^ of N rrth American Vivipara, &c. By W. 0. Binney. 8vo. 

(145.) Monograph of American C^dfcifi^cs. By Temple Prime. 8yo., (42 
pages in type.) 

(177.) Chedk-list of North American Fossils; cretaeeoua formation. By F 
B< Meek. 8to« 
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(172.) PalsDontology of -the Upper. Missouri. By F. B. Meek aud F. V. 
Haydeu. 4to. 

fl65.) MonographofNortli American Bats. ByHairiBon AUen^M.D. 8m 
(173.) On tlic m: ( ro^copic Structuie of the IfedtiUa Oblongata and the Trap 

pezinm. Bj Dr. John Dean. 4to. 

(175.) Discussion of the Magnetic and Meteorological ObsfrvationB of Girard 
Colkge. By Prof. A. D. Bache. Pait VII. VIII, IX. 4to. 

(179.) List of publications of learned societies* periodicals, and encydopsedie 
works ill the libnuy of the Smithsonian Institatienf Jaly 1, 1863. 

(17S.) ^Tonofi^raph of North American Ilymcnoptera. ' By H. De SaiMBOie. 
Part I. Edited by Edward Norton. 8yo. 



■ 
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IV-nuultuiDii. Wm. il 

Uowriiuti, John 

Cowiiitf, i'liilo 

Dill, John U 

Oonninff, Willium II 

Dowey, i'rof. C'lu-Hltir .. ( 

Kn-yur, Ciirl T > 

Ort'gory, 8. O. ........... 

Gu».'itt, W. L 

HoimMtrt'ot, Jfihn \V 

HoliDeP, Dr. K. S 

Iiou»e, John C 

Jlowell, Uotii'lt 

InpilHbr, (!r< vnvill(jM 

Muck, IC. v. Eli T 

McMore, 1'. A 

Malcum, Win. Scliuyli-r. . . 

Mathrurf, M. M., M. I> 

Morris, \'ral. Oraii W 

Ptiiiiv, II. M., M. D 

Prutt, Dun ill J. 

IUh), K<-v. .S;in. \V., M. D 

Kuivsell, I'vnix 11 

SpooniT, ]>r. SUOllUUl.... 

Bwiit, Lt'wiu 

•Wnkt-Uy, Clmst. C, IJulli- 
erford'i* < )bf*i'rvaiory. 

Wnrreu, J uiiieii H 

Wtiiio, Aiarou 

WlllS*,01lT<urB 



G«rriaon't 

Smith TroDtoB. . . 

Vcrmillioa 

8kunvuU'!«i . 

)iul<lwiunvlll(>. . . 
.SviK'ca Fulls - . . . 

Auburn 

FiiihkiU Landing 



Ab<>ll, n. F. . . - . 

AUmiiy, D. 1' 

AtklDH, Ucv. L. S 

BoiiniT, Jor^iuli F 

Chirk, Will, r 

OoUiruiJii, DUwiinl 

Cotton, i>. !(., D 

Crane, (itorgo W'. — 
Dillfi, I?<r4i<') .............. 

J. (• - ) 

(JrilliiiR, C. S. .S > 

£l|galt;r<M.'lit. J^iid 

VnMr, A'MDr^ 

UMamitt, JolmW 

Harper, Q«oi)B« v. ... . 

tUywood, Prof. John . 

HiU, F. G 

Uontington, Oeorge Q. . 
B«de, Uagtavu* A . 

Byde^Mn 

IttgraiD, Joba, JL D 
JmmBf A. B •«•....... 

]aiiff,lIn.ArddiaC.... 

Lttdi, TtaoukM J , 

HoClnog, Cburtoi L ... . 

MbBUIImi, Smith B 

irtlMwr*, Joiepii MeD. . 
Newtoo, Rer. Alftod . . , 
P«ck. Wliii.R,ll.O.... 

Peircc, Warren 

RdUfps, R. O. aiMlJ. H 

8«mm«, Dr. C. C 

8«faiuib«r, Hnbert A . . . . 
SBith^C. a,, M. D 



Thf-roiin 

Ugilmeibtirg 

Troy 

Wilson 

Wutfiford 

XirlioU 

SiMith Iliirtfyfd . 
Flutbii-th ....... 

Fort AuQ. ...... 

Oswepo 

IU>t'ln-Htf'r 

Now Vurk 

(Jlititoii . ..... 

Kri'ilumu 

JaitK'htKwn 

(iiiuvorm iir . . . 
Witiupsvillu . . . . 

Mamibou 

New York 

f^uffiTn 

iiaiMuiuTta 

Whiia Plaint . . . 



Wflshnolil 

Muricria. 

Siiybr<»)k 

New Lihbon . . . 

Mfilitiik 

('li-vi'l)iriil 

I'ortKiitDutli. 

Bvtbei 

Newark 

AanUobnrg . . 

T'"rt.;iiirt[Uli . . . 
I.iiil.' Ilockiiip 
t:M|l..g.; Hill . . . 
(;iiic;ii!iiUi . . . . . 

Wotvrvillc 

J\ I ii^",ii>ii 

Duilasborg .... 
KeUey'tMand. 

Clevd&od 



Savannah 

NmvW«Btfleld.. 
Madhion ..... 

Eaton 

Tw>y 

EaatF^rHBld... 
HDlsborougb ... 

Norwalk 

BowUnff Green.. 

Oarrettwilie 

Cmdnnatl 

HllliborDugti . . . 
Cardiagton 

Kenton ... . 

HUnenvUla.... 



Patnam 

Ooelda 

OhWCRO 

Onoiiila^a . . . 
( >nouclut'!i . . . 

SiDccn 

Cajiigu 

DuicliwM 

Honroe ..... 



L ». » • • 



Joffi-rson 

St. L«wn.'ue<3 
Kt'nghi'lacr . . . 

N iaK.irn 

fSnrufo^ 

TiDgn . ....... 

Washington 

KintfK 

\Vi ■ ■ ■ 11 ... . 

< )('Wt 15./ 

Monroo 

\<-w York 

OiH'idti 

(Jhiiut:iui|uu 

t^huutauijua 

St. l,ftwri-m:o. . . 

Mmlirioii 

<J<irU«od 

Ntw York , 



Itockland 
Wei 



(ii^augrt ... 
Wiisliiiipton 
Ahtitalmla . 
C'^IumliiaiKi 

.M(<llllH ... 

C'liyahiigii . . 
■Sridt-i) 

rh rmont . .. 
i-icking ..... 

-V^htabnla .. 

."si-ldfo 

W a-^)iiiigton . 
I laitiilton. .. 

iiiiiiuiton . 
li'rankUn .... 

Rom 

Warren .. .. 
Brie 



Cuyahoga .., 

Asblaod .. ., 

Hood 

Lake ....... 

Preble 

Ulami , 

Cotambfann. 
Highland... 

Huron , 

Wood , 

Portage 
HiiiniiUm . 
Hi.LjLluud . .. 
Morrow .... 

Uoidln , 

auemaqr... 



Feet. 

ItiO 



516 



T. U . . 

r. u . . 

r 

li. r . . 

T 

II. r . . 



U. T. U 
B.T.B 

T. U . . 



•S.'.i I N 



lOi) 

\,-i:v) 

til 11) 
1, -jji 



41 



l,UtiO 



'i 

A .. .. 
T . .... 
T. U . . 
II. T. U 
T. U . . 
I!. T. IC 
.\ . . . . 
A . . . . 
T. I'. U 
IJ. T. n 
T. IC . . 
R. r. R 
T. It . . 
X.Jt .. 
A .. 



T. li 
A .. 
T... 



1, eu;. 
>m;i 

I , 

5&5 
635 

"wo 
•500 



T. R . . . 
T. R ... 

'V 

II. T. R. 

A 

•r 

IJ. T. R. 
T. R . . , , 
T 



I 



m 

800 
S87 

643 

i.ose 



], l.)J 



:,U) 

1. IL-O 



11. T. R. .1 

IJ. T. R.. 
N 

1^9 e • « » 

A 

A. 

A 

N 

BuT.B.. 

B. T.B.. 

A 

T.R..-. 
T. B . . . . 

T 

B. T. li.. 
A 

A .. 

r ..... 

H. T. R.. 



i 

n r. li.. 
i.n....\ 

N I 

B. T 1 

T 



J 
i 

m 
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List of meteorological stations and observers, Sfc. — Goutinaed. 



Kome of obtft^vcr. 



Station. 



OHIO — Continued. 

Tbompaon, Rev. Eliiw ^ 

Tbompion, i'rof. 11. A 

Tnmbley, J. B., M. P. . . • 

Wvd, B«T. !*.¥.. 

Warder, A. A 

WnUama, Ffof. IL Q 

Wilm.FMC J.K 



Toaaft 



J. o..«... 
oforaoii. 



Ironside, B. B, 



PKNNSTI.TAMXA. 



Atirater, H. H 



/, E. T 

Ba]r«f% W. R 

Brackart,U. O 

BiupKi T, Samael 

Uurliu^'ton. Feoekm 

JSggirt, J9te., -. 

fctel, P J 

^uce, ElH-nozer 

HeUlev, Dr. John 

Hlckok, W. O 

HofftT, Dr. Jacob R. 

JacobH, llov. M 

Jacobs, II. K 

Kirkputrick, Prof. J as. A 

KohU-r, Kilwanl 

Lyceuiu.Jrfft'r^oii College 

Martindalo. Isiuk; C 

Meohan, Thoiiuis 

Xli'i han, .1 

Mullir, Prof. Kudolph... 
BWittou. Uev. .1. (iiu r. . . 

RickseekiT. Liuiu^t 10 

8«Verv. Thox. H 

Smitbii Wm., D. D.-.,... 

Swift, Dr. Puul ... 

Taylor, John 

Walker, Robert L 

Vaeka, James A 



Croton 

Wenivrville.. 

Tole<lo 

WeltingtoD . . 
Clncinnuti ■ . . 

Urbaua 

College UiU . 

Btiditoa . . . . . 



Couuty. 



Anbani 



RHODE ISLAND. 



80VTH cusaWJu 

Uanb, M. BL, &!>.... \ 
ilardi,Mn ...».> 

TWrUKSSEE. 

Umm%> VtoL Wu. M.... 
mis. 



▼XEHOn. 

Bnekland, David 

Ghlek«rloir, ItoT. J. W 
HmuA 



8niiqiMbai>a»De- 

pot. 

Tioga 

BlairBVille 

Silver Spring — 

Fleming 

Paritemflle..... 

Berwick 

Shatnokin 

Pbilodelpliia 

Horrlitvute 

Hurriiburg 

HiirriHbnrg 

Moiiiit .Joy 

Octtyuburg . . 

Pliiladelphiii . . . 
.North Wliitehall 

I'liiiuoueburg 

Bybeny 

Oermantown . . . 

Pittttburg 



Lickiii!? . ... 
I'rai.iJiii ... 

I.UCU8 

Loraine .... 
Hamilton . . 
Champaign . 

Hamilton . . 

Summit .. . 



Baker 



NnrriKtown 

Naziiri'th 

Altoonn 

Caiinuui«hurg . . . 
We«tHttverford. 
CunnclUrilie . . . 
Moiirhead 

Oil ciQr 



Providence . 
rtorideiiee. 



Beaufort , 



ClarkiiviUe 



St George 

SaltLikaOltjr 



Bnuidon . . . 
Springfield . 
Lunenburg . 
liontpeUer . 



Tioga...., 

ladiaoa... 

Laoeaater 

Omtrs..*. 

Ohwter... 

ColmnUft. 



Pfailadelplda 
Baeka 

Daupliin .. .. 
Duupbiu .... 
Lancaster ... 

Adams ...... 



O I 

40 13 

4U 04 

41 ^'J 
41 (W 
3'.) Os^ 

40 W 
M 19 

41 15 



44 37 
44 S6 



42 00 



s 

% 
a 
p 



Philadelphia .. 

Lehigh 

Washington ... 
Philadelphia .. 

Philadelphia .. 

Alleghany .... 
Montgomery .. 
Northampton.... 

Blair 

Wanhington ... 

Diliiwure 

ruyeltt) 

Alleghany .... 



Providence . 



Beavtbrt. 



Montgomery. 



Waahington 



Rutland .. .. 
Winditor 

ESMZ 

Wasbiagton. 



40 31 

40 a-i 

40 55 

•jm 54 

41 OS 
40 45 
99 57 
40 1« 
40 16 
40 90 
40 06 

30 49 

38 57 
40 40 
40 17 
40 05 



o 

83 
HI 

84 tio 
81 



3g 
(10 
3-,> 
13 
35 
43 



Feet. 



123 01 



75 30 



40 30 
40 08 
40 43 
40 35 
40 16 
40 00 
40 00 



41 49 
USD 



38 90 



36 98 



37 00 
40 45 



43 45 

43 18 

44 98 
44 17 



74 43 

76 45 

77 53 

75 37 
7fi l.") 

76 30 

75 50 

74 48 

76 15 
76 50 

76 30 

77 15 

75 10 
75 26 
60 10 
75 00 



01)4 
875 
800 
1.015 

boo 

1, 137 



120 



80 09 

75 ly 

75 21 

78 ihJ 
80 10 
75 21 

79 36 



1,010 

* " 7tMJ 
•2 IS 
.V3 
700 
50 

au 



3S0 



624 

SO 
250 

9:i6 
70 



937 

153 
530 
1, 178 
936 
400 



71 25 
71 85 



80 46 



87 13 



114 00 
11198 



73 00 
73 33 
71 41 
73 36 



120 



11 



T. li ... 

A 

IJ. T. K. 
A 
T. 
B. 



R ... 
T, B. 
B.T. U. 

B. T. R. 



T 

B. T. B. 



T.B ... 



T . .. 

r. u 



T 

T. R . . . 
T.R ... 

T. R 
T. R . . . 
B.T.R. 

* m • • • 

A 

A 



B. T. R. 

A 

T 

A 

T. R . - - 

T 

B.T.R. 

A 

T 

T 

B. T. B. 
T.R ... 

T 

T 

T 



A 



1 B.T.P.. 



481 



4,960 



300 
,124 
540 



T.R 
A.. 



T. U 
T. U 
A .. 
B.T 



3 
4 

18 
7 
6 
18 
18 



1 
1 



10 
9 

18 
7 
6 
1 
1 

IS 
18 
19 
11 



19 
7 
4 

12 

11 

3 
U 
4 

4 

U 
6 

12 
4 

19 



10 
7 



3 
9 



la 

4 

19 
5 



« 
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List of meteorological station* and observers, h^c. — Continued. 



N«me of otMMrrer. 



VERMO.N I — < ' luiuued. 

Mead, SU?}»licii M 

Paddock, JamcB A 

Ptirker, Jogopb 

Petty, McK ...>*.»..... 

PoUard, T. F 

TObey, JmmsK 

WASBWOTOir. 

Swan, Jma«0* 

wucoaatit. 

Armstrong, S .......... 

Curtis, VV. W 

Ellia. Edwiu, M. D 

Gridlev. llev. Johu 

Kelley', Chiirluft \V 

J^apLam, locr'wA.tLL.U 

Lupa, Jacob 

Mann, Willinm 

MathovH, (ieor».. ...... 

Mead, II. C 

Porter, Henry D 

Sterliug. Prof. John W. . . 

Whiliiij,'. Wm. H 

Winkler, Oarl. M. D 

Wood% vnilBin 



Rutland 

Cralti!t)ury . . 
Wrut Uuptrt , 
Burllnpton . . , 
Brouk^d .. . 
Cakto 



■VVatcrford . 
Hocky Uun 
O hinidi . .. 
Kt-noslia . . 
Delufield .. 
Milwaukee- 
Manitowoc 
•Supi-i ior . . 
Briflitoii , . 
Waupaca 

IJcloit , 

Mmltson . . . , 
Gi-nova . .. ., 
kllwoakee*.. 
W«yaitwe!ga. 



County. 



Rutland .. . 
OrleanH . . . . 
lifsnninffton 
Chittenden . 



Tlartno 

Columbia 

Asliluiid .. ..... 

Knioslm 

Waukt'sha 

Mlwauket*-..... 
Manitowoc . . 
Dfiugla* 
Kenosha 

WaupacB 

Rock 

Dane 

Walwonh . . . . . 

Mllwaakeo' 

Waupaca 



I 



O * 



44 40 

4:j m 

44 27 
44 (bi 
44 82 



B8 4t 



42 

■Itj 
I-..' 
4:j 

44 
40 
4J 
41 
42 

4;? 

4-J 

4a 

44 



4fi 
•2*) 

a:i 
or; 

07 

4r. 

3G 
30 

.^() 
03 
15 



71 29 
73 11 
73 ]() 
72 

79 OB 



194 37 



H!) 'JO 

87 '<^^ 

H7 :^\) 
H7 4.5 
!f_' 0:1 

b'ci 03 

11 

Kl 41 

87 67 

88 80 



if 



F««. 



1, 100 
7.^ 

3tj7 



40 



1)1 10 

.'i;»3 



12 
g 



r . . . 

T. R 
T . . . 
A .. 
T.li 
T.B 



li. T. 
v.. T 
A .. 



R 





B. T . . 




T. 11 


7(X) 


N 




T 


7:» 


15. T. R .. 


l,0t]8 


A 

T . 


1 600 


B.T.B.. 


850 


T 



DEATHS OF OBSERVERS. 

* 

Dr. 8. P. Hildieth, Marietta, Ohio, July 24, 1863. 
T. F. Follard, Brookfidd, New Hampshire, Au^^ 19, 1863. 
Hon. Eobert Hallowoll GurJiiior, Gardiner, Miunc, MatehS9t 1864* 
David Buckland, Brandon, Vermoni, Julj J9, 1864. 



Coll€g€S and other innfifuf'wns from vldcli meteorological register/! wtf€ fieeived 
during t/ie year 1863, included in tAe preceding list. 



Nora ticotia.. 

Canada - 

Conneetieiit.. 

HBttftfa , 

lOWft 

f 

Miiirii' 

Maryland 

Massachusetts 

Mlehiffan .... 
Now Jersey 
New York.... 



Acadia Collegt"- : Wolfvillo. 

Kiut^'s Collfgti Windsor. 



Gruiuniar School . . 

Magnetic Observatory 

Wealeyan UnirerBity 

Loniliard University 

University of Chicago 

Cornell College 

Griswold ColTcg'ci 

Iowa State University......... 

Oak Grove S(;miuary..-. 

Wn.shiupton College 

Ainlierst College 

State Lunatic Hospital. 

Williams Collt^ 

Stale ApfTiculfnnil Colle|^ 

Freehold In.stitui. 

Institution for Dcat and Dumb. 

Efaunm Hall Academy 

UidTeni^ of Bochester 



Niagara. 
Toronto. 
MIddletown. 

Galcsburg^. 
Chicago. 
Honnt Yernoii. 

Davenport. 

Iowa City, 

Vftsialboro*. 

Che.stertown. 

Amherst. 

Worcester. 

WilliamstoWft 

Lunsiuff. 

FreehoRL 

New York. 

Flatbnsh. 
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Colleges, Sfc., /rom tpAwA mOeorological regutenioare reeeiwd, Oontimied. 



Obio 



Oregon 



Rhode Island 



Tennessee. 
Vermont . . 
Wiaoooflin. 



i Farmen' CoUege 

Halcyon Academy — ... 
Otterbein University. ..... 

Urbftnft UntTersity 

i Westoni Keserve College 
I Wuodwuid High School. 

' Willamette University 

! Central High School 

I Ha verford College 

I J( fferson CoUe^ 

Brown Univei'sity..,---. 

' Stewart College 

' University of Vflonoilt .» 
i BeloU CoUeg9 



CoUege Hill 



Crotun. 
Westerville. 
Urbaaa. 

Hudson. 
Cincinnati. 
Salem. 
Philadelphia, 
West llaverfoid. 
Canuonsbufjg. 
Providence. 
Clarksville. 
BiirlingtOIL 



BeloiU 
MadiwB. 



WiscoiMin University 



METEOROLOGICAL MATERIAL CONTRIBUTED IN ADDITION TO THE REGULAR 

OB8BBTATION8. 

AH<^, FrtmcU. — ^Abstract of observations made at eight stationa in Tas- 
mania, or Van Diemaa's Land, during the bIx months ending June* 1863, for 

the papers and proceedings of tho Kuyal Society. 

Casirell, Prof. A., D. D. — Summ iry for the year 1863, aud compari.sou with 
the previous thirty-two years, at Providence, Bhodc Island. Printed in the 
Providence Doily Joamal. 

Dixhneyf William H. — Temperature of ilic valley of Orotava, Island of Tene- 
riffe, compared with that of l.ondon, Paiir^, I'au, Nice, Some, and Madeira. 
Extracted from the pamphlet of the Baroii of Belca.'^tel. 

Dreutzerf O. E., (consul, Bergen, Norway.) — Summary of meteorological 
observations for each month in the year 1863, kept at the hospital in Bergen. 
The readings of the barometbr reduced to inches, and the th^mometer to Fah- 
renheit scale, hv Mr. Dreutzer. 

Gardiner, li. II. — Printed summary of ohscrvations during the year 1863, 
at Gardiner, Maine, and monthly mean temperature and amount of rain for a 
period of twenty-seven years, irom 1837 to 1863, inclusive. 

Qoddardf C — ^Daiiy observations at Oonstantinople» from October, 1862, 
to September, 1SG3, inclusive. Also a summary for the year 1862. 

Gregory, S. O. — Diaj^ram showing the changes of the wind every day in the 
year 1863, at Theresa, New York. 

Graham, Colonel James D. — Register of water-level and meteorological ob- 
servations, made at the following plaoes, iind^ the direction of Captain Qeorge G. 
Meade, topographical engineers, until August, 1863, and subsequently under the 
direction of Colonel James D. Graham, ootps of "engineers, superintendent of 
th(i t*urvey : 

Sackett s Harbor, New York. — July, 18(31, to December, 1863. 
Charlotte, New York. — July, 1861, to December, 1863. 
Port Niagara, New York.— 0"uly, 1861, to DecembiM-, 1863. 
Buffalo, New York. — .Tune, 1860, to December, 1863. 
Cleveland, Ohio.— June, 1860, to December, 1863. 
Monroe, Michigan. — July, 1861, to December, 1863. 
Detroit, Micbiga^ — January, 1860. to December, 1863. 
Tawas City, Micnigan. — July, 1861, to December, 1863. 
Thunder Bay Island. Michigan. — .July, 1861, to November, 1863* 
Sugar Island, Michigan. — November, 1863, to December, 1863. 
Grand Haven, Michigan. — July, 1861, to July, ibu3. 
Ontonagon, Michigan. — July, 1861, to December, 1863. 
Superior, Wisconsin.— June, 1861, to December, 1863. 
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Ives, William. — Snmmmj of obMrvatimui *l Bafido« N^w Yoik, dming dw 

year 1863, newspaper plip. 

Kirkpatrickt Professor James A. — general abstract of the meteorological ob- 
lerratioiiB made at Tluhdelpbia dniiiig the year 1863. and a comparifion with 
llioae of ihe last twelve jeaia. Priatea aheets from the J onrnaL of the FfaaUm 

Institute. 

Ztake Winnrpisseogee Cotton and Woollen Manufacturing Company, New 
Hampshire. — Amount of rain for each mouth in 1863, at the outh;t of Lake 
Winnipisseogec, in the town of Laconia, New HamjpBhire, and ako at Lake 
VOUkCpBf ahont four mikfl Bonth on the aame stream of water. 

Lafham, L A., LLJ), — Table showing the direction and force of the wind for 
each hour during the month of Soptcml)er, 1863, at MHm Wisconsin, 
taken from the autographic record made by BuniellV anemot^raph. Jb'repared 
for the Commissioner of Agriculture by 1. A. Lapham, LL,D. 

Sommarj of obflenrations at Milwankee, Wisconain, with a ftill set of Instni- 
mcnlB, during the year 1863. (Printed slip from the Milwaukee Sentinel.) 

Lewis, James, M. D. — ETourly record of tlie temperature at Mohawk, New 
York, during the year ISG'3, from the register made by his metallic self-recording 
thermometer ; also, monthly and half-monthly means, and hourly mean for the 
whole year 1863. 

Jj^apimaU, James S. — ^Meteorological observations made by Benjamin Shep- 
herd near Greenwich, Oomberland, New Jersey, from March, 1856, to June, 
1861. Tabulated and reduced by James 8. Lip])incott, Haddonfieid, Camden 
county, New Jersey, for the Smithsonian Institution. 

Logan, Thmnas M., J^L D. — Monthly summaiies of the meteorology and 
DOcrology of SaeramentOy California, reported for the Sacramento Daily Union 
hy Thomas M. Logan, M. D., secretary of llie Board of Health. 

Contribution to the Physics, Hygiene, and Th(U'mology of the Sacramento 
Biver, by Thomas ^L. Logan, M. D. Jfrom the Pacific Medical and Siugical 
Journal. 8 pp. 8vo. 

MagnOieta OhaervaUnry, Toronto, Canada West, (ProfesBor G. T, Kingston, 
M. A., director.) — ^Mean meteorological resnlts for the year 186S ; also, a com- 
parison of the same with a series of preceding years. 

Mayhcw, Rm/al. — Mean temperature at Indianapolis, Indiana, for the hours 
of sunrii^e, 7 a. m., 12 m., and 2, 6, and 9 p. m., during each month in the years 
1861, 1862, and 1863; also, the amount of rain ia each month daring the same 
period. 

Morrit, Ortm W. — Summary of observations for 1863, giving maxi- 
mum, minimum, mean, and range of all the instruments for each month, aa kept 
at the Institution for the Deaf and Dumb, New York. 

Murdoch, G. — ^Appeudix to Agricultural Report, being hiutH ou meteorology, 
with Bttmmariea of observations made aft Baint John, New Brunswick, in Se 
years 1851 to 1862, mdosive, hy G. Murdoch, snpeiinteniient of water>works 
at St. John. 8vo. 34 pages. 

Nason, Rev. Elias. — Record of events in Exeter, New Hampshire, during 
the year 1863, containing notices of the weather. No. 3, by the Bev. Ellas 
Nason. ISmo. 24 pages. 

Ohio State Board of Agriculture. — Fifteoith Annual Report of the board 
to the general assembly of Ohio for the year 1860. Contains articles on the 
influence of forests upon soil, climate, rain, and winds. P. 255 to 274. 

Report lor 1861. '* The atmospheric conditions, showing the value of ba- 
rometers for agricultural purposes," by C. A. Richard, of Columbus, Ohio. P. 
834 to 275. 

Osservatofio dd OdXUgio JtouMwo. — ^Bnlletino Meteorologieo del' Oeservatorio 

del Collcgio Romano con corrispondenza e blhliografiaper 1* avanzamento della 
fisica terrestre. Published at Rome twice a month, beginning March, 1862. 
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Paine, S, M., M. D — Sammary of obiervations at Clinton, New York, for 
1862 and 1863, with a fbll set of instminents, giving the monthly and amnal 
means, maxima^ and mhiina. 

Paterson, Rev. A. T! —Meteorological notes for Bcccmljcr, 1863, at St. 
Paul, Minnesota, with a comparison with the previon? four years. (Newspaper.) 

RioUe, C. X. — Piiuted Bummary of obsei vatious made at seven stations in 
€k)Bta Biea in the year 1863. 

Sartorivs, Charles, — Saounarj fbr the year 1863, with fbll set of inatni* 
mcntp. at Mirador, Mexico. 

Seech i. P. Angela. — Alcuue richerche meteorogiche sulle tempeste occorse nel 
1859-'60 memoria del P. Angelo Secchi. Estmtta dagli Atti della accademi 
de' Nnovi Lineei Seasione III, dell' Anno XIII, del 6 febhraio 1860. Borne, 
1860. 28 pp. quarto. 

StcUe Department. — Statistical report on the weather and health of Frankfbit- 
on-the-Main during the year 1863, by Williara AV. ^rnrphy, conBiil. 

VavgJian, Captain D. — MeteoroIogicalJoiu*ual and Eeport relative to the cur- 
rents, climate, and navigation of that portion of the lower St. Lawrence forming 
Ihe Strait of Belie^Iale. Seoond edition* Oooq^ed by Oaptain D. Vanghan, 
Qnebec. 8vo. 62 pp. 

Whitehead. W. A. — Summary of observations during the year 1863 at 
Newark, New Jersey. Printed slip from Newark Daily Advertiser. AI50, an 
article on the " Climate of Newark," being an examination and comparison of 
flie obeenrations Attde there during the last twenty yeam. 

WislizemiSt iL, itf. Di— Monthly and yearly mean of positive atmopphcric 
electricity, of temperature, and of relative humidity, in 1861, 1862, and 1863, 
at St. Louis, Missouri, based upon daily observations at 6, 9, 12, 3, 6, and 
9 o'clock. Published in the St. Louis Medical and Surgical Journal. YoL I, 
No. 1. 
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BEFORT OF THE EXECDnYE COMMITTEE. 



The Executive Ooimiiitjbee nepeetfkillj Bubmit to the Board of Regents the 
following report of the leodptB and ezpenditures of the Snutheonien InstittitUm 
dnnng the year 1863, with eetimates for the year 1864: 

General Statement. 

BBCKIPT8. 

The whole amount of the Smithson heqneat deposited in the 
treasury of the United Slates is ^515,109, from which au 



annual moome at 6 per cent, is derived of $30, 910 14 

The extra fund of unexpended income is in vested as follows, viz: 
In $75,000 Indiana 5 per cent, bonds, yielding (less United States 

tnx) 3, 749 60 

In ^o3,500 Virginia G per cent, bonds. 
In $12,000 Tennessee 6 per cent, bonds. 
In $500 Georgia 6 per cent, bonds. 

In $100 Washington city 6 per bonds, yielding 6 00 



Total income 34, 665 G4 

Balaneeinthehandsof the treasnreriJannaiy, 1863.. £ 29,509 61 



Total receipts 64. 176 25 

EXPENDITURES. 

For building, ftimitare, and fixtures $2, 1 11 78 

For general expenses 11, 688 

For publications, researches, and lectures 10, 7G1 60 

For library, museum, and gallery of art 7, 259 23 

31.821 35 



Balance in the hands of the treasurer, January, 1864 32, 353 90 



STATfiMBNT IN DETAIL OF TB8 BXPBNDITUBB8 OP 1863. 

Building incidentals $1, 598 79 

Furniture and fixtures 512 99 

$2,111 78 

Meetings of the Board of Begents 104 50 

Lighting 343 71 

Heating 1,090 75 

Postage : 421 46 

Transportation, general 374 06 

Exchanges 1,367 76 

Stationeiy 486 09 
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General printing , $3 60 

Appanttns 1 63198 

Laboratorj 129 59 

Inci(l('ntalf», general 584 65 

Extra elerk-liire 371 65 

Salaries, secretary 3,500 00 

Salaries, chief clerk, bookkeeper, laborers, &c 2, 389 00 

f 11, 688 69 

Smithsonian contribn^DS 2,545 48 

Smithsonian reports , 583 85 

Smithsonian mifscellaneous collections 3, 535 88 

Smithsonian and other publications 441 15 

Meteorology 2, ilO 97 

Reseaxehes and iaTtiatigatioiia 150 00 

Lectures 1,094 32 

10.761 65 

Cost of books and bindin<^ 1, 844*65 

Pay of assistants in library 1, 100 00 

Transportation for library 290 35 • 

Incidentals for library 21 15 

Museum, salary of assistant secretory... 2,000 00 

Transportation for museum 695 29 

Ineidentals for nraseom 395 40 

Ezplorationa for masenm 762 39 ' 

GaUetyofaxt 147 00 

— — - 7,259 23 



$31,821 35 



The whole income during the year 1863 was $34,665 64, corresponding with 
the estimate in the report for 1862. The expenditures during the year 1863 
were 131,821 31, leaviiig ^2,844 33 to be added to the balance in the hands of 
die treasurer at the beginning of the year. 

The amonnt of bills outstanding will not exceed $2,000. 

The foregoing ^Jtatemcnt m an actual exhibit of the Smithsonian funds irre- 
spective of credits and payments made iu behalf of other parties. The institu- 
tion liaa doling the yeai- paid several bills for work done and articles purchased 
on account of the government, part of which has been refunded and credited to 
the appropriation from wliicli the expenditure was originally made. Those 
which have been refunded are as follows: $476 87 from the Surgeon General's 
office for books puichased in Europe through the agency 'of the Institution; 
aud $37 from the Naval Obaervatorr for transportation. In addition to these, 
several ezpenditores have been made on account of the Light-houBe Board for 
photometrical apparatas, and experiments in the laboratoij* which have not yet 
been refunded. 

McBBrs. Ilice 6c Kendall, of Boston, have also refunded $93 80 for paper pur- 
chased of them remaining in their hands not used. 

The appropriations froin Congress for the preservation of the collecttons and 
the distribution of the duplicate specimens of the exploring and surveying 
('Xi>cditious of the government have been expended, as heretofore, under the 
direction of the Secretary of the Interior 'm a-^sisting to pay the expenses of 
Oii^istauts in the museum, aud the co^t ol arraugiug, labelling, aud preserving 
the specimens. The snms thns received have been credited to the mnseom, and 
have served to diminish the appai«nt amotmt of ezpenditDres for Aat ol^ct 
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The estimated expenditures for 1863 were as follows: 

For buildiii;^;, fiiruiture, aod fixtures... ... $2, 000 

For general expenses 10, 500 

For pnblieations, researches, and lectures 10, 500 

For ubraiy, mnBeiim, and gallery ofart 9, 000 

Total ^,000 



The actual ezpenditnre on. the building is vetysearlj the 9taa» bb the funouit 

appropriated. 

For general expenses the amoont is larger than the estimate, and this is doe 
to tiie ineroaied eo»i of materials. 
For pubUcationa, the aetoal expenditure ia neady the aame as the 

estimate. 

For library, museum, and gallery of art, the expenditure is nearly three 
thousand dollars less than the estimate, but this is on account of the expend- 
iture on the collections of the remainder of an appropriation from Congress for 
the distribution of the speoime&B« 

For the year 1864 the same estimates are recommeiided as those made for 1863. 

The committee have ^^xnTnlncd the books-aod aocoonts of the Institatioa £dr 
the past year, and find ilu in to be correct. 
Bespectfiiily submitted. 

A.D. BAOHE, 
SICHABD WALLACH, 
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THE BOAKD OJ? HEGENTS 

or 

THE SMITHSONIAN INSTITUTION. 



Washinoton, Janmmj 20, 1864. 

la accoi J.uice with a resolution of the Board of Regents of the Smithsonian 
InBtitutioii, fixing the time of tlic bi'^iiming of their annual s( saion on the third 
Wednesday of January of each year, the Board met tliif* day in the Regeuts 
room, at \0h o'clock a. ni. Present: Hon. S. S. Cox, lion. J. W. Patterson 
Hon. R. Wallacli, (Jeneral J. G. Totten, and l^-ofesr^or Henry, the Secretary. 

A quorum not being preaeui, the Board adjourned to meet on Monday, January 
25» at 7^ p. m. 



MOJJDAY, January 25, 1864. 

A meeting of the Board of Regents was held this day at 7A o'clock p. m 
Present: lion. H. Hamlin, Vice-President of the United States. Hon. W. P. 
Fesseiiden, Hon. J^. Trumbull, Hon. J.W. I^attersou, Hon. H.W.Davis, Hon. 
R. Wallach, Mr. William B. Astor, General Joseph G. Totten, Professor A. D. 
Bachc, thu treasurer Mr. Seaton, and I'rofessor Henry, the Secretary. 

In the absence of the chancellor, Mr. Hamlin was called to the chair. 

The (Secretary announced the election, by joint resolutiou of the Senate and 
House of l?f p; esentatives, of Professor Agassiz, of Massachusetts, as a Regent 
in place of ^li . Badger, the reappointment by the Speaker of Hon. S. S. Cox, 
of Ohio, and the appointment of Hon. J. W. Patterson, of New Hampshire, 
and Hon. Henry Winter Davis, of Maryland, as Regents &om tlie Honse of 
Reprasentatives. 

The general statement of the fbnds of the Institntion and of the receipts and 
expenditures during 1863 was presented by the treasurer. 

The Secretary submitted the annual report of the operations of the Institn- 
tion during the past year, which was read in part 

The Secretary made a statement as to the policy which had been adopted in 
regard to bequests and donations having special cooditioQs attached to them. 
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and gave the reasons for declining to accept a berbarinm which had reoantlj 
been bequeathed to the InstitntioD. 
On motion it was 

Reiolved, That the aetion of the Seeietaij in this eaae be approved. 

The Secretaty called attention to the unexpected delaja and embanaBBments 
which had ooeoired in obtaining the remainder of the original bequest of 
Smitliaon left in England as the principal of an annuity to the mother of the 
nephew of Smithaon* and read iSbo correopondence on the subject with the 
attorneys, and also a letter team Hon. O. F. Adams, the American mmister to 
England. 

On motion it was 

Resolved, That a committee be appointed, consisting of the Secretary, Mr. 
H. W. Davis, and Professor Bache, to confer with the Seeietaiy oi Stato and 
the British minister k lutlve to the action of the English aothorities in regard 
to the money doe the Smithsonian Inatitaiion. 

On motion, the Board adjourned to meet on Wednesday, January 27, at 7} 

o'clock pw m. 



WkdnbsdaY, Jammry 27, 1864. 

A meeting of the Board of Regents was held at the Institutiou di Ih o'clock 
p.m. Present: lion. TI. Tlamlin, Vice-President of tlic United States, Hon. 
G. Davis, Hon. K. VVailach, Mr. William B. Astor, Professor A. D. iiaciic, and 
the Secretary. 

Mr. Hamlin was called to the chair. 

The minutes of the Ia5?t meeting were read and approved. 
Professor Bachc presented the report of the executive committee, which was 
read and approved. 

The Secretary presented the remainder of his annual report* which was read 

and adopted. 

He also presented a series of letters illustrating the correspondence and 
operations of the Institution.* 

On motion, the Board adjourned to meet at the call of the Secretary. 



TuRSDAY, March 15, 1864. 

A meeting of the Board of Regents was licld this day at 10.^ o'clock a. m. 
Present : Hon. H. Hamlin, Vice-President of the United States, Hon. S. S. 
Oox, Hon. J. W. Patterson, Hon. II. Widlach, Professor L. Aga^jsiz, l^iofcseor 
A. B. Bache, and the Secretary. 

^Ir. Uaniliii was called to the chair. 

The minutes of the last meeting were; read and approved. 
The Secretary presented a serieii of works on natural liistory, whicli had 
been prepared and printed at the expense of the Institution, and also the 

* Sse end of the Ptooeedlngs, pogo 80. 
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nuiiiBeripts <tf seventl others which had been oCbred for pnUioation. AD of 
tliflse, he stated* had been lefbrred for critical ezammation to Professor Agaasii* 
who would &vor the Board with some remarks in regard to them. 

Professor Agassiz stated that, so far as he had had an opportmiity of 
waminfng the original papersi he considered them worthy of publication ; that 
lie wonld give the whole series of worlcs on natdral history, which eonstitnte 
portions of what is called the Miscellaneous Collections, a critical examination, 
and present a report npon them at a ftitnre time. At present he would beg 
leare to make a few remarlcs on the importance of adopting measures for in^ 
ereasing the efficiency of the active operations of the Institntion by relieving 
dieiii of the expense <tf the support of the museum, library, and gallery of art. 
Unless this could be done, many valuable contributions to ecienco offered for 
publicalioii would have to be postponed or refused. He thought that the 
resources of the Institution were inadequate to carry on at the same time its 
aetive operations, and maintain a museum, a library, and a gallery of art upon 
the only footing upon which they can truly be creditably supported* Without, 
therefore, making a definite motion, he would submit for future consideration 
the propriety of asking the government to take charge of the museum, the 
Hbraiy, and the building now occupied by the Institution, with a view of main- 
taining them on a more extensive scale, and relieving the Smithsonian Institu- 
tion of a large expenditure which, for the advancement and diffusion of science, 
bad better hereafter be devoted to the active operations of the Institntion. He 
boped that if such a plan would be carried out, the resources reverting to the 
Institution firom the transfer of the museum and library to the government, 
either to form an independent organization or to be carried on hereafter as 
before by the Smithsonian Institntion, the active operations of the latter would 
be greatiy extended. 

The Secretary stated that the suggestions of Professor Agassiz were in 
accordance with the views which liad been entertaiued by the majority uf the 
Board of Regents from the first discudsion of the organization of the in^iitu- 
tion; that the present disposition of the fimds was a necCBsity which was im- 
posed upon the directors by the requirements of tlie law of Congress establish- 
ing the Institution, and that he liad always entertained the hope that the gup- 
port of the building and collections would in due time be provided for by the 
general government, and a national museum be founded which would be com- 
mensurate with the intelligence, extent, and resources of the country. 

Professor Bache fhlly concurred in these remaps, and moved the following 
lesolutions, which were adopted : 

Resolved, That a committee be appointed to report to the Board of Regents 
any suggestions for extending the active operations of the Smithsonian InstitU'^ 
tion, and for the separate raaintcuauce of the collectiouii. 

Rcsolvedt That this committee consist of Professor Agassiz, the Secretary 
of the lustitntioif, Mr. Fessenden, Mr. Patterson, and Mr. Oox. 

The Board then adjourned dm die. 
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LETTERS PRESENTED TO THE BOARD OF REGENTS TO lELUSTr.ATB XHS 
COSR£SPOND£NC£ AND OPBEATZONS 0^ XH£ INSTITUTION. 



Communication Jrom Dr. B. A. Goidd, on a new discussion and reduction of the 

observations of Piazzi of Palermo. 

Oambriogb, May 16, 1S63. 

My Dbar Sir : For many years I have been strongly convinced that an 
extremely valuable contribution to astronomical science mi;:ht be made by a 
new discussion and reduction of the observations of Piazjsi at ralei-mo. 

This eminent astronomer, with his assistants, was engaged, daring the twenty- 
two 3reait from 179S to 1813* In observing the positions of the principal fixed 
stars. He was ])i-ovided with the best instruments which could be obtained ttt 
tliat time, anil hi- ol -urvatiouii liavr !if>f>n, and must continue to be, our prin- 
cipal and most trustworthy source ot intormatioii as to the places of between 
seven uud eight thousand fixed stars at the begiunins of the present centoiry. 
As nearly as I eaa ostimttte wItlMmt an aetnd eoimt, he vent nave made abfMt 
ninety thousand deteminations of right ascension, and from sixty to seven^ 
thonauid of declination, the original records of wliicli observations still exist. 
From these he constnictf fl 1m> two well-known catalogues — the first in 1803f 
the secood in 1814 — containin*; the mean places for 1800.0 of 7,646 Ptars. 

His methods of observation, while, of course, fur iufcrior iu mauy respects to 
those of the present daj, were the best in use at that period ; and the care and 
fidelity with which they were used seem to have been unsurpassed ; and, al- 
though the reductions upon which the catalogue was based seem to have been 
incommeusurate in precision with the observations themselvcB, still this cata- 
logue has, for the past fifty years, been a standard authority with astronomers, 
and, for a great part of that time, their chief dependence for both the right 
aseensions and d^llnations of stars. 

The original observations of Piazzi were sent bj him for safe keeping to his 
friend Oriani, in Milan, and have been carefully preserved at the Observatory 
of the Brera in that city. In 1845, I'rofessor Littrou, the director of the Impe- 
rial Observatory of Vienna, incited specially, as he says, by Aigelauder, and 
eneonraged by Bessel, Oanss, Schmnaener, Strove, &c., commenced the printing 
of these original observations as part <^ the series of Annals of the Vienna 
Observatory, and they have thus been for several years accessible to astronomers. 

When organizing the Dudley Obsei'vatory in 1856-'58, it formed an integral 
part of my plan, not merely to institute new observations of the heavenly bodies, 
but to carry on such computations, reductions, 6cc., as might render available 
past observations of this and the last centnir, which wonia otherwise be either 
useless or of inferior value to astronomy. Varioas undertakings of this kind 
were planned, but the first of all to })r hff^m was the re-rednction of tlie whole 
series of Piazzi's observations, usiug the best values of the constants of pre- 
cession, aberration, and mutation, and investigating all the instrumental errors 
widicare; and I made considerable progress in arranging the details <^ tfie 
computation. After communication with Professor Littrou, and an extended 
correspondeuce with Professor Ai^elander on the subject, in which this distioi- 
guished asti'onomer gave me many very useful suggestions, the whole plan was 
completed, and, but for the misiortunes which intcrff red with the usefulness 
of the Dudley Observatory before its activity had lauiy begun, the new cata- 
logue would doubtless now have been &i the hands of astronomen. 

mj health and opportunities of labor being now greatly improved, I am 
anxious to resume this work, and write to ask for your influence and aid, as fnr 
as poB8ible> in fiirtherauce of the phuu ILnowing, as you doi the nature of the 
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work proposed, it ii almost neediest to dwell upon Its value to sdenee. Tlie 
one consideratioiiy that Piassi's obBcrvations mnstt for long yean to come, fur- 
nish the only means of dotprmiuinp; the proper motions of more than five 
thousand stars, is of it.s('lt' suiiieient. For the otlit r, stars observed by him, 
they constitute a most important element in the determination. The huge 
number of Btars» observed in aonea by Lalande^ at almost the same period--Hauxre 
than fifty tbonsand — depend for their lodnction and value almost solely upon 
Piazzi's results ; and the formation of a new catalogue of the latter will ^ve an 
altogether new vahie to tho results of Lalande. The great mass of independent 
observations thus rendt^red more accurate cun ppeak for themfelves, nnd it id 
manifest that their usefulness will be far greater than that of the same number 
of new obeervations made now. 

Unfortunately, Piazzi's observations do not afford all the elements now 
known to be needed fur their reduction, and it will doubtless be necessary to 
reduce tliem differentially, thus greatly increasing the labor. Not merely (|ue8- 
tions of azimuth, zenith point, and clock correction, but also questions of 
graduation, <^ irregularity of pivots, and even of refraction, must be discussed, 
mna rendering the undertaking one of no snudl magnitude; still it would, I am 
sure, be labor well bestowed, and, as Professor Argelander wrote me in 1857, 
"it ^ould be a grand thing, .* • • • and one of the most important 
things that could be done." 

The iirsL process re^uued is the reduction to the mean equinox of IbOO.O of 
aill the observations Just as they were given by Piaczi. tnis is a woxk which 
could be carried on by ordinary computers, and would in itself be of great service, 
even were the discussions of the observations to be omitted. It would consti- 
tute nearly two-thirds of all tho labor, and posges8et< the great advantage that 
whatever is done, be the amount large or small, is immediately available. The 
best estimate that I am able to make gives about $5,000 as the probable cost 

this reduetion, to which from one-quarter to one-third should oe added -for 
the expense of cheeking, comparing, and correcting mistakes. Therefore, be- 
fore beginning, I desire to make fure that at lca?t .^(3,000 will be available for 
the purpose. There is «f nccly a limit to the number of computers who could 
be employed at once upon this part of the work. It might easily be accom- 
^iishea in a shigle year, or it might be slowly and i«gululy canted on for a 
hm^time, the expense being not veiy different in the two cases. 

This process bSng completed, the remainder of the work, consisting of various 
investigations, in addition to the discussion of the instrumental corrections, and 
the formation of a catalogue from the observations after all reductions have been 
applied, would, of course, require more deliberate study. It would probably 
occupy at least two years, but I think the expense would be decidedly infbrior 
to that of the first process. Indeed, I have convinced myself that all the out- 
lays needed for the whole undertaking in all its branches would not exceed 
$'10,000, and that if this mm were now available, th(! work might be completed 
in two years, inasmuch as parts of all the processes could go on simultaneously. 

My sense of the usefulness of this work, and my conviction that astronomers 
ever ywh ere would agree in this opinion, are so strong thkt I have detomined 
to appeal to you fi>r aid, well knowing that your interest and moral support 
will, under any circumstances, not be wanting. It is precisely such an under- 
taking as the plan of the Smithsonian Institution would lead it to encourage; 
and although I can readily see that the amount needed is larger than the Smith- 
sonian womd probably be i^le to apply at any one time to the ftirtherance of 
ai^ one science, still I come to you with my plan, well assured that you will 
wmingly do what you can in its behalf, whether by some gradual appropriation 
jear after year, from the Smithsonian fnndf*, in aid of what I have called the 
fiist process, yix. : The computation of the correction to the mean ec[umox of 

68 
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1800.0, or in Bome 8t3! more active wa} , by enlisting interest and eeeniing aid 

from other sources. 

For several months past I have devoted such time and means as I could to 
the preliminary steps, and, as you arc aware, 1 now desire only tbo means of 
defraying the indispensable outlays, wishing to contribute my own services in 
behalf of the work. 

I am, dear sir, very respectfully and tmly yoni8> 

B. A. GOULD. 

Professor Jos f, p 1 1 II e \ r y, 

Secretary of the Smithsonian Institution* 



Frofect of an cudme hiitorj/ of public edticatiom m the IMited SkUeB, bjf 

Frederic A. Packard, 

The proposed volume to contain from GOO to 800 pages royal 8vo, to be 
put up iu a cheap form, in the manner of legislative documents, with ample 
tables, indexes, &c,, for easy reference. If it ?hall he thou^^ht best, the form 
mit^lit l»c changed to two volumes— one embracing the original thirteen States, 
aud the other the remaining States and Territories. The plan of the work 
wonld comprise the following topics : 

I. Of universal education, considered as an essential element of £ree political 
institutions, what should bo its character and extent ? 

II. An historical i^ketch of the laws of the severai States on the subject of 
education, and the establishment of public schools, academies, and colleges. In 
this connexion would be given the provisions for education under die colonial 
government, and their inftnenoe on succeeding legislation. 

III. An abstract or synopsis of all laws now in force in the several States 
touching public education, and of contemporanrons judicial expositions of the 
law, so far as they affect the essential principies oi liiv system. 

IV. A sketch of the present state of public education in the country : 

fa. J Of the divisum qfterriioiy for school purposes, what and how made f 

fb. J Of the manner of raising money for the support of schoolSt and the 
amount raised and expended in each decade of years, of the present century. 

f c.J Of the permanent revenue for the t^upport of schools — if derived from 
a fund — when and how was such fund created, aud what is its amount and in- 
vestment I what portion of the annual school expense is derived from it, and 
what is its effect to stimulate or depress the working of the system f 

f d.J Of the number and average age of children under instruction, distin- 
guishin^' the sex ; the number in attendance, in proportion tO the whole popn- 
latiou, aud the average time of attendance. 

(e.) Of the mode of employing teachers and determining their q^ualifications. 

(f .) Of thentfmder of teachers employed, distinguishing the sex ; the compen- 
sation allowed: the average age of teachers, male and female separate ; and the 
average amount of tilne emjjpoyed in daily teaching, making distinct heads 
of summer and winter schools. 

(g.) Of the branches taught in the public schools, and Uic proportion of time 
devoted to each. 

(h.) Of the preparation and introduction of sehoal-hoekt ; character of them 
in early schools-— improvements in them ; expense of them, and by whom borne; 
and the number and vaiiety of them, in the diffeient branches, which are in 
use in the different schools. 

V. Of normal schools, number, when organized, how supported, number of 
pupils, terms aud condition of admission ; what proportion of pupils pursue 
teaiehing for a livelihood, and what proportion of these succeed. 
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VI. Of wAtfoT-jiMMer, th^ number, aTorage capacity, manner and means of * 
Inuldiiig, and improvements m reepect to site, TentUatbn, beating, fbumitnre^ 

oat-hou8es, &c., &;c. 

VII. Of school lihrartei, number of schools supplied with ; how and by whom 
selected ; funds to purchase, and the amount and somce of the same ; number 
and cbanicter of volumes ; cost, mode of distributing, preserving, and extent of 
circulation. 

VIII. Of the reh'gi&tts element in public schools; if less tban fonnerlj, 

why "? To what extent necc^pary and practicable t 

IX- Of popidnr manners aiul mstoms in the schools j habitt^ of thinking and 
acting; domestic and t^ocial chaiacter, and q^ualihcatioutj for citizeuiship, as they 
are indftnenoed by our systems of public education. 

X. Of physical education, what time appropriated to it ; what fitdlities and 
encourag'eracnts arc afforcl(;d ; what methods adopted, as drill, gymnasinm, or 
athletic pnmc^ ; and what part teachers take therein. 

Xi. Ot in/ant sc/woh. 

XII. Of Sumdaij school*, 

Xm. Of cdUegu and other jmblie literary inttituiiont, so &r as tb^ afford 

aid to, or receive sM firom, the public scliouls. 

XIV. Of the comparative eai^peiue and value of pnblic education at different 

periods of our history. 

XV. Of Lyceums, mechanics^ institutes, evening schoolst and other methods of 
adult educatioti, to make otber means of education available, or to compensate 
for the want or neglect of early advantages. 

XVI. Number of persons of school age that are under instruction, the pro- 
portion of the population that can both read and write ; the qualifications of 
the pupila, upon leaving school, to engage la the active pursuits of life, with a 
superior physical, moral, and intellectual character. 

Tbe matorfals beii^ thus collected, would be arranged under tbe title of each 
State, i-espectively, whatcN-er is peculiar in its educational history and statistics 
being- placed under specific heads, and what is conunon to all under general • 
heeidd. 

For example, Maine might occupy the first chapter or section of the volume— 
and we should first refer to Massachusetts for all matter preeeding 1820, when 
it ceased to be a province. Then would come a succinct account of all legisla- 
tion on the subject, includuig an abstract of escisting laws; then the origin, 

amount, and mode of distributing any school fund. Next, a bird's-eye view of 
the actual condition of the schools, government, discipline, construction of 
buildi ngs, character of teachers, text-books, and the obviousj fruits of the sys- 
tem. Whatever pecnliaii^ there may be in the dimate, in the habitS' and 
pursuits of til people, or in the oonditbn of society, affecting favorably or 
otherwise the interests of education, would find a place in this connexion. 

After completing the circle of Statei? in this way, a condensed chronological, 
historical, and statistical survey of the entire country would be iu place, and 
such principles or conclusions as arc established by the facts stated and illus- 
trated. 

It will be observed that the plan contemplates the history of each State 

complete in itself, and if prepared by an individual selected for the purpose, 
might bear the author's name, like contributions to a biographical dictionary or 
an encyclopaedia. Of course it would serve a valuable local purpose, and if 
properly prepared, would secure a share of pubUc patronage^ while the vMe 
volume would furnish highly interesting and important information to the 
country at large and to foreign inquirers. 

When the outline tliu'^ sketched is well digested and matured, my purpose 
would be to forward a schedule of the subjects to some qualified patriotic person 
iu each State, requesting his co-operation. The great advantages of having the 
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work done by a resident of the States, respectively, are the accuracy, fidelity, 
and fulness which would be Fccured, the facilities for obtaininp^ matcriiil'^. ^nd 
the authority which it would bear. These considerations miglit induce oue or 
more suitable persons in each State to encounter some per^ual inconvenience, 
especially as toe seryiee is one of ywt and pennanent inipottaiMe, snd can be 
b^tar done now than at my fbtitie period. 



l%e Frutdent of the Chamber of Commerce of Bordeaux to the Seeretary 
the SmUhtoniem hutUuiUm at Washmgton : 

Sir : I am not ignorant tliat the institution of which yon are the Secietaiy, 

and which labors with the most praiseworthy zeal to promote the progress of 
the different branches of human knowledge, maintains relations of exchange 
with the luipcrial Academy of Sciences, Belles Lettres, and Arts of Bordeaux. 

The Chamber of Commerce, anxious in its turn to co-operate, as far as pos- 
Bible, in the xealiaation of the phins which you pnraae, ^Is plcaatire in tzana- 
mitting to 70a a copy of its publications. They camprise a collection ita 
proceedings since 1850, the first volume of the catalogue of its library, &c. It 
is hoped that these various publications will hud a place in your collections. 
The Chamber haS; on its own part, foimded a considerable library, which is 
open to the pnblic, and it wonld oe happy if the Smithsonian Institation should 
think proper to send ns some of the volumes which it publishes^ and which are 
filled with documents of the greatest intetest on America, and on different ques- 
tions of importance. These works would thus be at the dispo.^ial of a consid- 
erable number of studious persons, and tbey would coutribute to make the 
services of the Institution of which you are the organ appreciated in ail their 
extent in Eofope. Be pleased, sir, to accept the aasnzance of my most ^a- 
tingnished conaidacation. 



Oabtb DBt Palasio, Milan, 

October 31, 1863. 

Sir : Thiongh the kindness of yonr agent, Mr. Bossange, of Paris, we have 

received the Annual Beport of the Board of Regents, ])rosented by the gieat 
nnfl liberal Smithsonian Institution to the 0 arte del Palasio's Agricultural As- 
sociation, of which we are directors and regents. Reading your valuable re- 
port, we have seen with the greatest satisfaction that the interesting and useful 
xesnlts of yonx labors hare been approved and commended by intelligent men 
eveiywhere. Whilst cxpiessing, honored sir, onr warmest thanks for having 
been deemed worthy by your Institution to participate in the gifts which the 
liberality of the Smithsonian Institution renders to men devoted to science, it 
will be a source of pleasure to us to endeavor to reciprocate your kiuduete. 
To promote knowle^e and facilitate its progress by stimulating men of science 
to undertake general and extensive resettrches, and to o£Rsr the means of con* 
tinning them, is the most useful serrice which can be rendered to mankind* 
The verj' extensive means which your great Institution has at Its command, 
the ardor with which your officers and regents began and continues their difficult 
work, are infallible indications of the greatest results which will be produced. 
And we do not doobt that the material and moral progresa of faidividnals, with that 
af science in generaJt will fully realize the anticipations of the fimnder, and 
amply recompense the cqntinned labors of the distingniahed directera of the 
Smithsonian Institntioa. 



Digitized by Google 



PBOCBRDiNaS OF THE BOABD OF BEOKHTS 



86 



As flirectors of a new institution, whicli we hope will also soon produce Im- 
uortant resuliB in agriculture, we shall be content if, in rcciproeatiug jom 
mdnesB, we can also in my way serve the laadable purposes of your Liatitu- 
tion by pfesenting the results of our own labors and researcluv't. 

Again expressing our thanks, we have the pleasure nf -^ending some of the 

pnblications relating to our institution, with the hope that they will be placed 

in the bmitheouiau library. They are the following: 1. Programme of orgiuti- 

zation of the Carte del Palasio's Agricultui-al Association. 2. Ajinual lieporto 

of the Aesociation for 1869-'61. 3. Agricultural Annale, by Dr. Gaetano Oan> 

tout, professor of agronomy. 

# •••••••• 

Your most obedient servants, 

SiG. ANTONIO IlESCHIN, Direttore. 
Dr. aAETANO CANTONI, Pro/euor. 



Office Sup't U. S. Military General ITosimtals, 

Memphis, Tennessee, September 5, 1863. 

My Dear Sir ; I am in receipt of your letter of the 25th ultimo, by which 
I learn the pleaaing intelligence that the " great Tncaon meteorite" is in a fair 

way of getting to Washington at last. I am sure you will feel prou'l of it when 
you see it. I know tlu* " Carlton spociiuen" was not ours, as I had sent it to 
Hermoeilla bcfoio 1 kit Arizona. That sent in by General C. is about 750 
pounds, while ours is about twice that weight. 

The only history I can give yon is aragne one, as there is no written record 
of its advent in Tucson. The old inhabitants of that place all agree that it 
was brought there from the Santa Catarina mountains, which lie to the north 
of Tucson, about '^dway between (lie Rio San Pedro and that town. It was 
bronght in bj the military stationed at tlie old presidio, where it remained until 
alter the withdrawal of the Spanish garrison. It was then taken into town, 
set np on end, and used as a idnd of public anvil for the use of the inhabitants. 
The smaller one was used in a blacksmith's ^orge for similar purposes. In 
1857 I found the large one lying in one of the by-streets half buried in the earth, 
having evidently been thnro a considerable time. No person claimed it, m I 
publicly announced that 1 would take possession of it in bohalt of the Bmith- 
BOniant and forward it whenever an opportunity offered. Mr. Palatine Eobiuson, 
near whose hoose the iron was, assisted me in getting it sent to Hermosilla. 
There was some expense attending its hoisting into the truck-wagon that took 
it down to Sonora, Avliicli I paid to Mr. R. Mr. Ainas agreed to take it, or 
have it taken, to (inaynias. Sonora, for lifty dollars. 

The people of Tucson all agree that a shower of these meteorites fell in the 
Santa Catarina mountains some two hundred years ago, and I have been told 
that there were plenty of them renuuning in the mountains. I never was in 
the immediate portion of the mountain range whore they report the specimens 
arc to bo found, so I cannot vouch for the correctne:*? of thoir reports. As the 
country is volcanic almost entindy, I have ottcu thought. IVnm the fact that 
iron ore is abundant in several of these muuutains, that ii miglit have been that 
inasses of iron mineral were reduced to the metallic state by volcanic heat. See 
in the case of the famous "Planchas de plata " silver mines, some one hundred 
miles south of the Santa Catarina, wln-re large pieces of pure silver have boea 
found reduced to the pnre state by lire, which has left everything in its vicinity 
iu a state of calcination. Oue piece weighing 1,500 pounds was found and cut 
in two to allow its removal to the city oi Hexioo by the Spanish authorities. 
I thmk yon will find allusion to those interestmg and once ndi mines in BxantK 
Mayer. 
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I believe I have given you some data about the Tucson meteoiites in a 
monogram pnblislied by the War Department in 1860 ; Medical Statiatice of 

United States Army, 1B55-60. 

I wish 1 could give you full iufonnatiou on this untu r. Please let me know 
when you rccr lNT it, and bo assured that when I go to Waabington X wiU pay 
my respects iu person to you and it. 

1 am very busy, so you will excuse this hui'ried letter, and believe me 
Yonra, Tcry respectfully, 

B. J. D. IRWIN, 
Surgetm Vmied HUUes Army, 



San Francisco, Oal., Jul// 2, 1S63. 

Div\R )Sm : Tiif aerolite which had remained so long at Alamito, tor want 
01 a proper person to bring it here, was brought by one of my brothers, Jesus 
M. AittBa, wno visited Sonota lately. We have b^en indnoed to retain it here 
for a short time, to satisfy the curiosity of the San Francisco people. Tbe 
State Geological Society asked to be allowed to have a small piece for their 
colh'otion. which requoHt was, of course, granted. With thin exception the 
aerolite ha^ liccn prc?( i\ t'(l ciitirciyin the same condition in whieli it was found 
in Arizona, and by the loth of this month we will have the pleasure to ship it 
to New York, under the care of the Pacific Mail Steamship Company. 

I take this opportunity to offer my serrieeB to the Institation. 
I remain, respectfully, 

SANTIAGO AINSA. 

Professor IIenrv, 

bmithsoman JnHUttHon, fVashingtont D, C. 



San Fbancisco, Oal., Avgutt 86, 1863. 

Dkar Sir: I hare the pleasure to acknowledge your favor of July 31, and 

I take pleasure in cnm])lyiiii; with your rerjnrst. In fact T intended to do this 
hefofp, but, owing to many engagements on hand, I Lave been postponing it to 
this moment. 

I announced in my last that the meteorite would be sent by the following 
steamer from that date ; but we were asked to retain it some time longer by 
some scientific men, who wished to <>xamine it closely. 

The hif^tory (if (iih at rolitr we have from our grandmother, Dona Ana Anza 
de Islas, daughter ol Don Juan liautista Anza. our great grandfather. The 
Jesuit missionaiics had the earliest knowk"<lge of this curiosity. There were 
various theories entertained about it ; but it was generally belieyed to proceed 
from some iron mine in the vicinity, which belief holds to this day in Sonora. 
In an exj)edition made by Don Juan Bautista Anza, then "Gran Capitan de 
la? Provincias del Occidcnte," about the year 1735, to the country about 
Tuc-^on, he was induced to visit the aerolite, and he undertook the work of 
transporting it to Spain. The place where it was found is called "Sierra de 
la Hadera," on a spot called Los Muchadios. Through the want of proper 
means and the bad state of the roads, (liaving to eaxry it to San Bias, then the 
ncnrc'f^t port of entry,) the work of transportation wn> <'n up. and they were 
sati^lied to take it as far ns Tucson. Tlx ro it n mainrd v\vv since, until my 
brother, Agustine Ainsa, undertook to transport it, in 1860, aud pi-esent it to the 
Institute. His intentions, howerer, were never carried out until Hay last, 
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whcu another of my brotheis, Jesus IL Ainsa, visitod Sonon and liroagbt it 

with him on his return. 

By the time of the roc€>i})t of this the aerolite must be ah-eafly in Washington, 
as we delivered it lo the ageut of the Institute about a mouth ago, to have it 
transported to you. Your agent spoke to us about expenses ; but we wish not 
to deprive oiinelves of the honor of having presented it to the Institnte* and 
as sucli \vr desire tbat you ahonld acoept it. 

I Avouid be tliankl'iil if you would send mc a copy of the analvHis, and of other 
iuformat'on about the aeroHte ; aufl if you find it not too troubleeome, to ^^cnd 
the same, with my compIimenta» to bt. John's College, Fordham, New York, 
where I was educated. 

I have the honor to remain, yonr obedient servant, 

SANTIAGO AINSA. 

JosBPH Henry, Esq., 

Smiihionian JjutUutum, Wathington^ D, 0» 

[This meteorite is now in the museum, and is an object of special interest to 
visitors.] 



Little Glac& Bay, Oapb Brbton, Nova Scotia. 

Octoher 25. 1863. 

My Deab Sir; 1 send yon a specimen of "cone-in-conc." wliicli I buvc 
lately obtained in sinking a shaft at this place upon the Harbor Vein seam of 
coal described in Professor Lesley's report of this coal-field last year. 

It was found in the band that corresponds to the black bituminous shales 
below the one inch of cannel coal, and 23 feet above the Harbor series of five 
feet of coal. 

It was only obtained on the northwest side of the shaft, thinning out to the 
south and east, or towards the "crop." The greatest thickness of the bed was 
about 7 inches. The largest "eone-in-cone " was 5^ inches in diameter. 

The journal of the strata snnk throngh differs somewhat firom Professor 



Lesley's taken at the shore. 

ft. Is. 

At the shaft^drift and gravel 10.0 , 

Bine shales, with cydas shells, fish teeth, and other remains 3.0 

Cone-in-cone 5 

Brown band, with coprolites. - .3 

Blue arenaceous shales 1.0 

Hard white sandstone 2.0 

Thin bands of shales "fncoids" 3.2 

Hard sandstone 4 

Blue arenaceous shales 2.6 

Sandstone, black mark, like the ivaat "cardeocaxpon " 1.04 

Sandy shales .11 

Hard blue shales 3.10 

Blacker band ...i 4 

Fire-clay and ironstone balls • 7.5 

Coal 5.6 



41.11 

I cannot find in any work that I possess anything exactly like them, bo 
think they may be of interest to add to tout mnsenm. 
The points of the cones are downwards. 
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I 8ha11 be glad to hear from you about them after tbej have been examined. 
I have Bont a specimen to Dr. DawBon» Montreal, but fear the season is too 

late for him to e:et it this year. 

I remam, my dear sir, your obedient servant, 

HENBT POOLE. 

Joseph Hbnry, 

Secretary Smithsoman InttUtttiam, Watkingto», 

The above relates to a very interestmg spechneii of a remarkable concretion 
of a cLayey material, which occurs fai thin 8labs> entirely formed of cones, the 
axes of which are all at right angles to the parallel Burfaces of the slabs. The 
only explanation which occur? to us of the luode of iurmation of this structure 
is that of percolation of water charged with eartljy material through a porous 
rock, and filling a horizontal crevice with parallel sides, with a series of stalac- 
tites and stalagmites. J. H. 



HuNOABiAN National Musbum* 

Putk, October 15, 1863. 

8n : In reply to your esteemed letter of the 29th of May, I have tlie honor 
to inform you that the birds sent us through Dr. Flugel have been duly re- 
ceived, and I beg leave to return the heartfelt thanks of our institutiou for the 
same. Full acknowledgments have also been made in our reports, and in the 
newspapers, of our obligations to the bmithsoniau institution, which stands so 
high in pubUe opinion everywhere. 

AUGUST V. KUBINTI, Dktctor, 

Joseph IIexuy, Esq., 

Secretary Smithtoniuu Jkstiiutioih WaehingUm, 



OHRISTIA.YAP Norway, November .4» 1863. 

Sir: Having been appointed direetor of the Ethnological Moaenm at the 
Universlly of Shristiana, I have perused a letter of the 6th May, 1862, from 
the secretary of fho Rmithsonian Institution to the secretary of this univerpity. 

As this letter alludes to the endeavors of your excellent InPtitution for the 
collection of ethnological objects from North America, and the utility of estab- 
lishing u system of exchange for European cariosities, I have made use of the 
opportnnity to offer you what we have in this line. 

The aboriginal j)opulation of this country arc the Laps or Laplanders, living 
at present on the mountains and eca-coasts farthest i\orth of Norway, Sweden, 
and Russia. Their language proves them undoubtedly to be of the Mongolian 
stock in Asia, and, as such, related to the red man of America. The Laps are 
a remarkable instance of this race, as they are converted to Ohristianity and 
have adopted the habits and industry of civilization, modified by the severity 
uf the arctic climate in their country and th^^ir peculiar mode of snhsistt ncc as 
nomads with flocks of reindeer. We have procured a set of models made by 
the individuals of the jpeople themselves, and illustrative ot ilicir present mode 
of existence. 

In offering this small collection for yonr acceptance, we hope that it may 
serve a scientific purpose in compai-ing the red man with his yellow brother in 
the old continent. If it sliould be in your power to afford us some correspond- 
ing objects from your field of research, that i& so immensely more exteusive, a 
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very great deaidttaliiin in ovr oolledjon would be Bopplied that wmdd engage 

oar most earnest attentioD. 
The articles in question are — 

I. Three casts, in plaster, taken from liviug individualtt, viz : 1, an unmixed 
Lap, 39 jeiirs old ; 2, a man whose father was a I'iu from iiuBsian Finland, 
and whose mother was a Lap, 42 years old ; 3, a man whose grandmother was 
a Swede* (of the Testonie stock,) othenriae Li^ 43 yeax8* 

II. Four photographic portraits : 1, nnzture <lf Lap and "Fia, .88 yeais ; 2» 
74 years ; 3, 28 years ; 4, 38 years — pure Laps. 

ITT. A reindeer, harnessed with itB sledp^e. The pled^ is canoe-sliaped, bo 
as to be able to move upon the deepest and softest suo w without going down into it. 

IV. A pair of snow-shoes, being very long pieces of thm vood» with which 
the Lap can walk npon soft snow. They have straps or atizraps to pat the 
feet into. The man moves on with the staflF. 

V. A pair of pack-saddles, with which they move their luggage in ptimmer 
on tlie back of the reindeers ; included itii a model of a wooden tub and a cask; 
two liat pieces of wood to la^ across the back of the reindeer are attached. 

VI* A trunk, in which is meliided the wopden howl in piesemng the leii^ 
deer milk, and the pxess for niaking cheese fivt of it 
VIZ. A spade for removing the snow. 
VTII. Two large wooden bowls. 

IX. A tent; in the middle the fireplace and two pots hanging over it; 
behind is a scsiiflblding of wood for their stores, raised upon poles, so that it 
may not be attacked by dogs. ^ 

Confiding in your interest for the advancement of BoieiMset I remain, very 
tespectfuUy, joor obedient servanty 



Secretarff Smxthatmiim Hutiiutum, Wiuhington* 

[These articles are now in the museum.] 



tX)UIS JUi DAA. 



ii.AlSKULICUB-K5NlULICHU G£OL<JUii»CUB BbIOHS-AnSTALT, 

Vimma, Deembtr 11, 1863. 

8iB : I hai« the honor to transmit to yon for tiie Smithsonian Institution • 
of tertiary fossUa^wm the Vienna basin, via ; 

From the Congeria beds 6 species. 

From the Cerithinm beds • 10 species. 

Fzom tiie Marine beds i... 270 speciep. 

Total SS6 spedes. 

In the box prepared to be sent you wiJi tind, 1, the present letter ; 2, a pys- 
tematic catalogue, with tabular reference to the localities ; 3, a catalogue in 
which ihe localities ate kept separate ; 4» .a gnide of geographical reference for 
die localilies. Tlie number of specimens or lots in catalogue 3 is 622. Beside 
these there arc a number imperf(;ctly determined or not beloiif>;in;T to Austrian 
localities. The rest will give a pretty fair idea of tlie leading or type mollusca 
of our Vicuna basin. The series here offered has been composed or selected 
under the auspices of Dr. HOmes, direcftor of ihe Imperial Knsaom of Miner- 
alogy, Mkd he placed it at the disposal of our Imperial Geological Institute, so 
that I beg you will consider it as a joint offer &om .botii estabBshments. 

I have the lionor to be, dear sir, ever most truly yours, 

W. HAIDJNGEB. 
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Britibh HnsKUM, Deember 30, 1863. 

Dbae Sib: I liave to aeknowledga the raceipt of your letter of this daj'a 

date, anrl to acquaint yon that the tnistcps have acceded to the request made 
by l^-i>i'(:','j.<or Hciuy, ou behalf of the k^mifli'^oiiiaii liiHtitiition, and that 1 have 
instructed Dr. Gray to give you every laciiity with a view to such electrotype 
impreBsions being made for that Institatioii aa are required from our wood 
cngravingB illoBtroti're of the eouchology of the Korth Junerican eontment. I 
shall be happy to see you, and to give you any assistaiioe in my power when 
ever it may be convenient for yon to call at the miiB6iinLf as yon propose. 
Believe me, dear sir, yours truly, 

A. PANIZZI. 

Dr. P. P. Oabpbntbb. 



31 Pfkid£Market, Hamburg, 

February 4, 1864. 

Dbar Sib : I duly received your very kind letter of the 6th of January, in- 
fbnning me that the director of the Smithsonian Institntion would have the 
kindness to send me five of the American perennihranchiates for investigation. 
A few days aftcnvards tlie box was deliveied into my hands, containing^ 

1. Menopoma AUeghaniense. 

2. Menobranchus lateralis. 

3. Sinn lacerthia. 

4. Amphinma tridactylnm. 

5. Siredott pisciformis. 

All these amphibia being of the greatest importance for my studies, I cannot 
but express to you my most sincere thanks for tliis most valuable assistance. 
You will allow me to pay to your renowned institution, in the mean time, my thaiiiis 
for the reports and other valnable works, partionlarly on the Zo6logy and Anatomy 
of Amphibia, published at Washington, and directed to me some years ago. 

I should feel most happy if yon would give me a direction how I might pay 
my thanks iu a more material manner. Tou will, therefore, oblige me very 
much by informing me of the desiderata iu your eollectious. Perhaps there 
might be some European fishes or amphibia which I might be able to procure for * 
yon. Of sea snaikes, which family <n snakes I have described some years ago, 
there are also some few species in my own possession. In minerals I am pretty 
rich, having the best private collection of this branch that exists in our place. 

It is only on the supposition that 1 raighr be able to furnish to the iSmithso- 
niau Institution some equivalent that 1 take the great, and, pi i haps, immodest 
liberty to mention, that one specimen more of the genera amphiuma, siren, and 
menopoma, would be of the greatest importance for my studies. It would be 
very difficult to decide all the anatomical questions concerning the named 
amphibia after the investigation of only one specimen. Having the intention to 
describe in a comparative manner the Ijuuc^, muscles, and nerN cs of the famous 
Salamandra Jajponica, with relation to the other genera of Ichthyodea, I feel 
myself in a high degree advanced by the specimens which I owe to your kind- 
ness, and would be induced to hope that my little work might not remain quite 
imperfect, if there would b(^ any chauce to acquire atill one specimm more of 
the abov''-Tnenti()ued three genera. 

Finally, you will allow me to say that I am not now iu any connexion with 
the Hamburg Huseum, as the address of your letter said, but that, though 
being on very firiendly relations with the directors of our coUections, I have 
given up my place among them. 

With the highest regards, I am yours, veiy respectfully, 

Dr. J. Q. FISCHER. 

[The specimen requested was sent to Dr. Fischer.] 
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Vienna, February 9, 1864. 
My Dbab Bib : Peimit me to enelote here an hiTitatioii to join in a sabeerip* 
tion for a gold honoiafy medal to he presented to our moat worthy Professor Oh. 
Fr. Ph. vou Martius, of Munich, OH his fiftieth amitTersaty of medical dootorahip 

on the 30th of March, 1SG4. 

Our most honored friends on the other side of the Atlaulic ebould not fail iu 
the list; only 1 am sorry that hy various impediments I was prevented from 
writing at an earlier period. It is now so late that only hy very good lack it 
wfll be possible that an answer may arrive previously to the l«5th of March, to 
be entered in the first list which must be ])rinted, embellislied, and then bound 
up, and sent to Munich from Vienna befozx' the 30th of March. Whatever is 
brought to notice later than the 30lh will be appended, uud what comes to hand 
after the 30th up to the end of J une will be given in the first complementary 
report to be pnblished on the 1st of July. Nothing will be lost, as even what 
comes after that period will be published afterwards. 

Every subscriber, of course, will have a bronze copy of the medal, and the 
votary tablet sent to him. Subscriptions should be three tiorins Austrian silver 
money, or more, which is about one aud a half dollar American silver. 

By this time yon may already have received onr last box with tertiaij fossil 
.types of several localities of the Vienna basin, being a joint parcel nom the 
Lo&perial Miiieralogical Cabinet and our own Geological Institution. 

1 am happy to bear you have now the Ainsa Tucson meteorlr iron. I shall 
send some of iliebe days a paper of mine on the Cailetou Tucson, whicli ap- 
peared in the Vienna Academv Proceedmgs. I enclose impression from Llie 
surface, eat, polished, and etchea, and galvanographed poeitiveij and negativelv. 
We shall be happy, as soon as you may fix on cutting some slices off the block* 
to receive a bit from yon for onr Imperial Mineralogical Moseom of the Ainsa 
Tncson too. 

With all the most cordial wishes, ever most truly yours, 

W. HAIDINGEB. 

Pfti^Bor JosBPH Hbnby, 

Seereiary to Ihe Bmiiktimitm h uH iuiion, WaMigtan. 



Office Hudson's Bay Com tax v, 

Montreal, Fehruary 26, 1864. 

My Dear Sir : Absence from liome and subsequent indisposition have pre- 
vented my acknowledging receipt of your letter of i9th nltimo at an earlier date. 

The settlement you have made of Mr. Kennioott's account is (juite satisfhc- 
toiy. There was a email deficiency in consequence of a change m the rate of 
exchange when your draft reached me ) but that matter can be arranged when 
we receive Mr. Mactavi?h*f final statement of Mr. Kirkby's account. 

The kind expressions of thanks contained iu your letter are very gratifying. 
We have always felt pleasure in pfomoting scientific research ; bnt, in Kr. 
Eennicott's case, this was enhanced l}y his amiable character and prudence. It 
is no easy part to play, going as a stranger into a territory inhabited by men 
bound to n foreiprn government, and with exclusive views? on many points. But 
Mr. KenuicotL knew how to meet the circumstances ; and from his arrival among 
UJ5 until his departure was always popular, and I believe inspired a sincere 
friendship and esteem among those with whom he most assoeiated. If in 
Washington, pray olfer him my kind regards. 

Hoping Bome day to have the honor and plejisnre of forming yonr personal 
acqnaintance, believe me, sir, very truly yours, 

EDW. M. HOPKINS, 

Joseph Hbnrv, Esq., 
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The olijeet of this appendix is to illnatrate the opeiations of the Institiitioii 

by reports of lectures and extracts horn eoiTespondence, as well as to furnish 
information of a character suited especially to the meteorological obeervcrs and 
other pevBonB inUoeated in the promotion of knowledge. 
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BRIEF ABSTEACT 
or A amtt OF flDc uGfimis ov 

THE PJiOCIPLES OF LliXGUISTIC SCIENCE, 

BlUmiD AT 

THE SMITHSONIAK IKbTITUTION IN MABCH, 1664. 



n mUJMM D. WBUVBT, PKOPBflSOR OP SAXmilT nt TAU COLLBOB, mEW BATKir. 



The 8ci<' Titific study of language is of modern date. Duly its scanty and im- 
perfect gcriug are to be found in ancient times. It lacked that wide and com- 
ptduDsiye basis of obseryed and collected {acta on which alone such a ecieuce 
can be founded. The actiye and searching cnrioBity of the past century, with 
the facilities for investigation given by trade, travel, and philanthropic effort, 
could not but call it into being. No sinf^le cimimFtance has so powerfully aided 
its development as the introduction of Han^kiit to the knowledge of Europe. 
This, the most ancient and piiinitive uf Indo-Europeau tongues, laid the sure 
ibondation of the oompaiative philology of the Indo-Enropean &mily, ont of 
which has grown the general science of language. 

The objects of this science are twofold : To discover the nature and history 
of language itself, and to elicit information ret^pecting human history. Both 
are invested with a very high degree of iniportuncc. The value of language 
to man, and the aboorbiug interest of inq^uiry into its character, are palpable, 
ttid attested by the labors and specnlations of generations of scholars and 
tfiinkeiB. It has also quite recently been found that language is the principal 
means of ethnological investigation, of tracing out the deeds and fates of men 
during the prehistoric ages. Not only does it determine the f;ict and the de- 
gree of relationship among uatious, but it gives infonuaiion which can be ob- * 
taiaed in no other way respecting their moral and intelleetaalGliaiaeter, and the 
growth of their dyilisation. Lingnistie science, as a branch of the study of 
Doman history, embraces the whole race at evory period of its history. All 
spoken or recoKh d speech is its material. Tlie aiafect? of the Iowliej«t as well 
as the most highly endowed races are its care. It would fain hold up and study 
every single fact in the light of every other related fact, since only thus can ull 
. W rally understood. 

To 'Survey in detail, in these lectures, the whole field of linguistic science will 
be. of course, impracticable. We can only attempt to lay down and illuBtrate 
its fundamental principles, to gain some insight into it^ methods, to determine 
the nature and force of linguistic evidence, to see how this is elicited from the 
^terial containing it, to note its bearing on historical and ethnological study, 
^d to reyiew briefly the'prinel]^ results hitfaorto obtained by its means 
The method followed will be the analytic, establishiDg prmciplea from fiicts 
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within erery one's apprclienBi(m,and pioeeedingfrom ihat which is well known 
or ohTious, to that which ifl more obscure. Uluetrations will be Bought^ maiBly 

from among the phenomena of our own familiar ppeech, since every living and 
growing languajxc has that within it.-^clf which cxemplitif'S tho facts and princi- 
ples of universal application in all language. We Buali uho avoid, as much m 
poBflible, the use of figurative, pbOoeopmeal, and teehnieal phzaeeology, and 
talk the languag;c of plain fact. 

Onr preliminary inqniry may properly be, Why do we, onrpclves, speak Eng- 
lish? Though a simple qnestion, its correct answer will clear our way of 
many difficulties. The general reply is obvious : We learned English from 
those amon^ whom omr <^iest years were passed. We did not prodnce the 
words we use by an internal impulse, by the reflection of phenomena in our 
consciousness, and the like. As soon as we were able to associate an idea 
and its uttered Fign, we were taught to stammer the names of the most familiar 
objects, and our instruction advanced with our capacities; our notions and con- 
ceptions were brought into shapes agreeing with those they took in the minds 
abont nSf and were called by the names to wbidli these were aeenstomed. Ger^ 
tsin Hquids which we saw, colorless and white, had not to be studied and com- 
pared by us in order to (he invention of a title for them. We were informed 
that they were " water " nri'l "milk." The one of them, in certain modes of occur- 
rence, we were made to know as "puddle" and " river." The words r/ i/, strike, 
bite, eat, drink, love, hate, and so on, were taught us by being applied to acts 
and states of whioh we made expe rience. Long before any mental analysis of 
oar own would haye given us the distinct UJiesM of true ana faUe, they were im- 
presged upon our minds by admonition, or something stronger. The ap- 
pellations of hosts of objects, places, beings, which wc had not seen, and per- 
haps have not yet seen, were nxed iu our miads, with the means of attaching 
some distinctive idea to them. The amount and kind of this tninhiig varied 
greatly in different cases, but we aH had it, and by it alone conld learn to talk 
as we do. Language was the first step in our education. It came by educa- 
tion, and not by inheritance. English blood would never have given us Eng- 
lish speech. We could just as easily have learned to my wasser or eau as 
" water," milch or lait as " milk,* * lieben or aimer as " lo ve, " &c. An American 
child is brought up b;^ a French nurse in order that iti may speak French flrst, 
andT it does so. l^e in&nt cast on shore alive from a wiedc learns the tongne 
of its foster-parents, and no outbreak of natural speech ever betrays whence it 
derived its birth. The imported African forgets, in a generation, his Cougo or 
Meudi, and is able to use only a dialect of his master's speech. 

It is already dear, then,, that English people do not, as some have paradox!* 
cally maintained, speak English by inherent natural gift, because they are 
English, just as all swallows twitter, all bears growl, all lious roar, and so on. 
The special forms of spoken language are matters of imitation. They are kept 
up by usage, and transmitted by oral tradition. 

We thus learu, uot English simply, but the particular kind of iL,ngix;ili which 
is spoken by our instructors. A few, perhaps, get notiiing from the outset but 
the purest style of the language; but hardly any can escape some tinge of local 
dialect, of the slang of caste or calling, even of individual peculiarities of our 
teachers, inelegancies of pronunciation, pet phrases, colloquialisms and vul- 
garisms, and the like. Often errors and infelicities thus acq^uired iu early life 
are ineradicable by all the care of after years. 

Again, this process does not give us universal command of the resources of 
the language. A child's vocabulary is very 8cailtf» and goes on increasing to 
the tmd of life. The encyclopedic English tongue, as we mny calT it, contains 
over one hundred thousand words. Of these, the most uninstructed classes ac- 
quire only three to five thousand, a frugal stock of the most indispensable words 
and phrases. To such a nndens every artisan, in every walk of labor, must 
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add lib own tedmical language, oontaining nmcb wbich most BngUBh apeaken 
loiow nothing of. No ^m.ill portion of the one hundred thousand woida ia made 

up of Buch ppecial vocabularies. The generally rdiir rl man learn? much of 
many of them, but no one learns thrm all. K\'('ry one niay (ind, on every pago 
of our great dictionaries, words which he knows not how to deal with. Thero 
•le Tanoofl styles of expression for the same thing which are not at every one's 
command. Even the meanings attrifanted to the same words by difiment speaken 
are different. The volnptoaiy, the passionate, the philosophic, and the senti- 
mental, for example, mean very diflVrent things by "love" and " Into." It is 
no paradox to maintain tliat. wliiiowc all Hj)oak Knglitih.no two among us speak 
precisely the same language, the eame in extent, form, or meaning. 

What, then, is the fnglish language ? It is the aggregate of tiio artienlated 
^gns for thought current among the Kiigli.^h people ; or, it i° theiraTCiage^ that ' 
art which is supported by the usage of the majority — a majority counting not 
y numbers only, but by culture. It includes varieties of evory kind ; but it 
has unity, from the fact that all who speak it may, to a considerable extent, and 
on matters of the most general interest, talk so as to understand one another. 
It is keiyt in existence by unmtermjpted tradition, in which each individnal takes 
a part, banding down his portion of it, with his limitations and pecidiarities — 
books, a kind of undying individual, greatly assisting in the process. But all 
traditional transmission is inherently and necessarily defective, and that of 
language forms no exception. If English were a certain hxcd body of words, 
ieaxned complete by every one, and kept intact, it might moieeasily be prescnrved 
from alteration. As Ae case stands, it does not remain the same from geneiai- 
tion to generation. 

Its most noticeable mode of alteration is that which is ever going on in its vo- 
cabulary, especially its technical vocabularies. New processes and products, 
new views and opinions, new knowledge of every kind, must find their fit ex- 
pression. No well-infonned man can write*a chapter now npon what every ont 
is thinking and talking of which would be intelligible to the well-informed man 
of a century ago. There are also changes affecting rather \ho iVmn than tbf 
content of language, of slow ])rogress, and in their inception, in great part, inac- 
curacies of speech, opposed by the conservativQ forces, yet as inevitable in the 
end as the omers. .They show the influence of the great numerical majority 
who do not speak with correctness, bnt whose errors finally become the norm 
of langnage. Thus, we had formerly a special preterit form spake, and good 
speakers would as soon have said " he come and done it" as " he spoke to me." 
Now only .spoke is in common use. Tlncc c( nluvics ago we had only his as 
possessive of both Jie and it, but popular usage struck out a new possessive, 
its, for the latter. You we employ not only as object, according to its andrat 
usage, but as Bub|ect, instead of ye, fcc., &c. The. influences which brought 
about such changes are still to he seen in full operation about us, especially 
among children and uninstructed persons, to whom the communication of the 
language is im})erfectly or incorrectly made. A child substitutes an easy for 
a hard sound in pronouncing, drops out a syllable or two from a half-under- 
stood word, says I bringed" or " I brang" for Ihroughi, says '*mans*' and 
** mouses," says "gooder" and " goodest," and the like. Its own and others' 
care corrects these errors; but if the car(^ be wanting, the error remains ; and 
there are ever in existence, among the lower strata of language-users, hosts of 
these deviations from correct usage, always threatening, and sometimes sue- , 
ceeding in making theu* way to the surface, and securing reoognition and gen- 
eral adoption. conservative forces arrayed against them, aided by sdnool * 
instruction and reading, are now so powerM among us that the langnage 
changes but very slow I v in this way. yet the examples given are truly typical, 
and illustrate a force always in action. That, in these and other methods, lan- 
guage actually undergoes notable change is palpably true. Go back only to 
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our Bible trnnslatioii, to SLakspeare, anJ much is found wliicliis no longer good 
Lnglish. Go back live hundred years, to Chaucer, and our own tongue is only 
partiaUy intelligible to U8. Another five bundred vears carrieB ns to tbe Angl o- 
Saxon of King Alfred, a totally strange form of speecb, as mucb so as tbe 
modern German; and yot each one of tlie tliiity or forty generations between 
U3 and Alfred was as singly iiitc iit on irun. mi ttiug to its successor the language 
it received from its predecessor as is our own. 

These iUcis and conditions are of uidTcnal occurrence in Hnguistic histonr. 
All language is banded down in tbe manner described* and is subject to tbe 
same disturbing forces. The process of transmission always has been, and al- 
ways will be, imperfect. No tongue remains the Fame during a long period of 
time. This is the fundamental fact on which rests the. whole method of lin- 
guistic investigation. 

We see now wbat is meant when language is spoken of as baving an inde- 
pendent existence, as bting organic, or an organism, as groAving or developing, 
and so on. These are only figurative modes of speech. Language has no ex- 
isffnce, save in the minds and mouths of iho«e who employ it. Tt h an aggro- 
i;;ite ol .^i^ns ut' thought, deriving their signiiicancc from the intelligent agree- 
ment of .^ijeakcrs and hearers. Il is in their power, and subject to their will. 
As they maintain it in existence, so tbeir consenting action modifies and alters 
it. It cannot be changed hastily or capriciously, because it depends Upon gen- 
eral consent, which can be won only for such modificntionK .-t;! ! extensions as 
arc in accordance with itp already established rules. Individuals are constantly 
iiying experiments of alteration upon it, with childish errors of expression, with 
bad grammar, with slang, witb artificial turns of pbrase, and arbitrarily coined 
wor£. Bnttbese are, for the most part, only laughed at as blunders, or put 
down as mann^sms and vulgarisms. Individual authority, except in special 
caTs, is too weak to force iiri If upon public opinion. The ppeakerf? of lan- 
guage con^iitute a republic, in which authority i?* coiiien-ed only by universal 
buurage,.and for due cause. High political rank does not give power over 
speecb. Tbe grammatical blunders of an emperor do not become tbe rule to 
bis Buljects. But individuals aie allowed to introduce novelties and changes 
into tbe general speech ; thus, for instance, to name their own inventions or 
discoveries, if they do it discreetly and puitably ; and great masters of the art of 
E])cecb, poei:i, orators, are permitted to touch evon ilie iiior(^ intimate and sacred 
purls of language. Is it called for? is it in accorduucc with the usages and 
" analogies of tbe language ? is it ofiered or supported by good authority > 
such are the considerations by ^\ Inch, in any given case, genei-al consent is 
won or repelled, and this decides whether the proposed change shall be re- 
jected, or shall become part and parcel of the universal speech. 

As, then, an organic being gro\vi> by the gradual accretion of homogeneous 
organic matter, as its existing parts and processes form the new addition, in order 
to help tbe life and functional action of tbe being, so language extends by tbe 
addition of material accordant with its substance, evolved by its formative* 
metbods, and intended to secure the end of its existence, the expression of the 
thoughts of ihose wlio speak and write it. It thus presents striking and in- 
structive analogies with organic life ; but to call it an organism outright, as some 
do, and to claim that its growth is indepmdeut of human agency, and that its 
study is, therefore, to be ranked among the physical sciences, is palpably and 
seriously to misinterpret it. Language is an institution, constantly undergoing, 
at the hands of tliose who use it, adaptation to their varying circumstances and 
needs. Between all dotormining cau-es and their rpsults in its devclopmetit 
Stands, as middle term, the human mind, seeking and choosing expression for 
human though t. Its every part is a historical product. Its study is a historical 
scianee^ m bnnoh of the stofy of the hunan laoe^ and of humaii inetitiittoiia. 
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As eonBtitQent ilem of language la the product of a series of changes, 

working themselves out in histoxy, the method of linguistic investigation BTOSt 

be liistorical. To understanrl tho structure and cfmraetnr of speech, and to 
penf'tratt' to its origin, we must i'uliow backward tho modifying procos'^f'^' to 
which it has been subjected, endeavoring to understand the influences whicii iiave • 
produced and governed tbem. This can he done to but small extent hj means 
of contemporary records. We must call to our lud the art of otjTnological 
analysis. On etymology, the tracing out of the liistory of individual words, is 
fonndfd the whole science of language. To il1n«trnte the methods of rtyni' l'"'- 
giziug, and to briug to light some of its n^auits, by simple and characteristic 
examples, is the object of this second lecture. 

Let ns look.first at evidence showing the composite natare of words. We 
are all the time putting together two words to form a compound ; as^^ar- 
inspirhf, god-like, houfic-fopy and SO on. IjiU tlie (ixtent to whicli lanGrnnire is 
the result ot ^^^eh C'>in])()si;iun is apparent only on deeper study. Fearf ul xs 
as clear a com])oinui, on reilcction, as fcar-inipirin^ yet Jul is, to our appre- 
hension, a kind of soffix* forming a large class of adjectives from nonns, like 
die snffiz oaw, (in ptril^nut rht-4nu, ex.;) and its independent origui and 
meaning are but dimly present to the mina of one who uses the adjective. 
Fearless and it? like fir<^ not lf'S:< evident rompnnnds; but the lcs.s here is not 
our word /fe«*, but the all < refl i'onn of nn oldm' word, meaning lowsc. free." 
Again : l^, in godly, hruthcdij, iiLc, is of yet obscurer origin, and we deem it 
merely a suffix ; but a study of the other forms of our language, or a compari- 
son of kindred Germanic dialects now spoken, shows it to be descended from 
the adjective //Z r, which has been used in r.ll languages of our family na 
an adjective-torming suffix ; we alone have given it the further ;ni(l now re- 
motely derived office of adverbial suffix, employable at will to couvei t any 
adjective into an adverb. The d of such words as I loved, I hated, is proved 
by the form it wears in the oldest Germanic tongues to be a relic of the past 
tense did : I loved is ori^ally 1 love did. Suek and whirh were once so-likt 
nnd w7to-likt\ and so on. The pnme is' th'' ee.«e in the Latin part of our hni- 
guage, and even in it^ ohlee^t and most essenti:i] constitU( nfj*. 'V\w, ble w pic 

d^ble, triple, and t^y on, is the root j^/Zc, meaning " bend, fold;" triple \b 
the precise etymological equivalent of fhrttJM. The two letters of m, which 
seems as simple a word as aught can be, are relics of two elements : onCi the 
root meaning "be;" the other, the pronoim mi, meaning *' me, I;" am 
?tands for aa-mi. "be-T." The third perFon, ?>. has lost the whole of a ."eennd 
element, li- which it once possessed, and of which at least the t is left in nearly 
ail the kindred languages ; compare German ist, Latin est, Greek esti, Sanscrit 

With few exce}>tions, all the words of our language admit of such analysiSt • 

v.hicli discovers in them nt least two elemnntp : one rndicnl, contninin^ the 
fundamental idea; tho othicr formal, indicating it^ restriction, ajjplication, or 
relation. This is, in fact, the normal constitution of a word ; it contains a root 
and a suffix or prehx, or both, or more than one of botii* llins, inapplicabUir 
Hei contains two prefixes and three suffices, all dnstered about the root j>lt0> 
"bead;** and it is, as it were, the fusion and integration of the phrase ''nume- 
ron*5 conditions of not being able to bend or fit to something." 

Our example* show that word-iinalysis is, at least in part, only the retracing 
of a previous synthesis. Wc are as sure of the actuality of the process of com- 
Unation by which these words were formed as if it had all gone on under our 
own eyes. There would have been no such suffixes as his, hj. Sec, if 
there had not been before in* the language the independent words Jull, loose, 
lihf. 5re. No small part of the formative elements of our language can thns 
be proved descended from independent words ; if a considerable part do not 
admit like proof, we are not authorized to suppose that their history is different 
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from that of the others, bal 011I7 that we ha,Ye not At command Uie eyidenca 

which would explain it. 

The same examples show not less clearly that alteration, corruption, and 
iniitflatioD of the products of combiniition la a rule of the life of language. 
The reason of this coiraption lies in great measure in the faet that» having 

oncn struck out a componncl, vtq .iro not solicitous to keep np the memory of 
its descent. We iicccjjt the word coined as a conventional sign for the idea 
which it conveys, and give our attention mainly to that. Hence ease and con- 
venience in the use of ue word are consulted j a long vocable is contracted ; a 
hard combination of consonants is mouthed over into more utterablc shape ; 
subordinate elements are defaced into conformity with the inferiority of their 
consequence. So the sailor saya hos'n for boaUwain, to'garnts'h tor (opqal- 
lanisuilsf (fee. This ifl a part of tlic economy of .-fpeech, a .-^i^^u and meaua 
of the integration of wordej, coulribuling to coucisieiiess and vigor of expression. 
But it is also a blind tendency, and its effect is in part destructive. It leada 
to waste as well as economy; ease and convenience being consulted by the 
sacrifice of what i.s vahiaLlc as well as the rejection of what is nnnccefspary— 
if, indeed, it can truly be i^aid that .1 people not undergoing degradation of . 
character ever saciiiices anything of its language which is really valuable with- 
out providing an equivalent. A language may thus, at any rate, become greatly 
altered, giving up much which in other tongues is retained and valued. Our 
own English offers one of the eztremest examples known of the prevakaice of 
these wearing-out tendencies. , 

Thu3, for inftance, the primitive language from which our own is descended 
had a lull set of terminations for the three persona plural of the verb, viz : masit 
tasi, nii c . g., lagairuuh lagatatit laganti, ** we lie, ye lie, they lie." In 
Latin they appear shorn of their final vowel, as mus, tis, nL In Gothic, iJie 
oldest Germanic language, they are reduced to their initial consonants only, 
m, fh, nd — thu3, I'tgam, rif^ith, ligand. They are etill, in this form, pretty 
distinctive, and sullicieut for thtur purpose. But the prevailing custom of ex- 
pressing the pronouns along with the verb lessened their necessity, and in 
Anglo-Saxon they are all reduced to a single form* atk in the presentr m in 
the imperfect. We, finally, have cut them off ^tizely, and say we He, ye he, 
iiicy lie, without any endinp^s designating the per?nn. 

In tlie declension of nouns we have etiected a revolution not less thorough. 
Our ancient mother-tongue declined every noun substantive in three numbers, 
with eight cases in each, and every adjective in three eoiders besides. With 
us all adjective dedensioa has disappeared, and of suostantive dedentdon we 
have saved only a genitive and a plural ending, both s. In a few {durals, as 
men, mice, teeth, we luive peized upon a distinction at first euphonic and acci- 
dental only, and have made it e-igiiificant. So also in the conjugation of our 
.St irregular" veibsj, as ging^saug, mng ; the change of vowel was at hist merely 
euphonic, then became, as in most German dialects it still continues, snziliary 
to the sense, and finally, with us, it is in many oases the only means of dis* 
tinction of present, preterite, and participle. 

In one remarkable case, the wearing-ont processes have led to the total 
abandonment of a conspicuous department of grammatical structure. A dis- 
tinction of gender in nouns, as masculine, feminine, or neuter, maiked by dif- 
ferences of termination and declension, has ever prevailed in the family of lan- 
guages to which ouis belongs. Cven in the Anglo-Saxon, nouns were still 
masc^ilnn^, feminine, or neuter, not according to their natural character, but ia 
conformity with the ancient tradition, on tancifml grounds of difl'erence, which 
we find it excessively diflicult to trace out and recognize. But in the exten- 
sive deeaj and ruin of grammatical forms attending the elaboiation of modem 
Ett|^iah som Anglo-Saxon andNotmaiiJEVsiiGht thk whole sehoBie of artifieial 
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dutiactioiis hm disappeared, leaying almost no trace behind. Katnnd gender 
has replaced graxoinatical, and the pnmommal foims he, the, ii, hit, kim, Ser, tttp 

are onr only means for its indication, 

Tlio«e two proccBses — tlio product ir-n of new forms by the combination of 
old materials, and the wearing down and wearing out of the forms so produced, 
are tbe principal means by which the external life and growth of language are 
kept up, by whose operation spoken tongues are constantly becoming other 
than they were. But they are only auxiliary to a not less striking growth in 
the interior content of speech, in tbo mojiTiin? of word?. It i? a? importnnt a 
part of the hiislorical study of a word to trace out it.-j changei) of bigniticatiou 
as its changes of form j and the former are even richer in curious and unex- 
pected derdopments, are foller of instmetion, than the latter. The internal 
content of language is plastic to the touch of the inspiriniz: mind. But for 
thi.-^.no varialjilltyof form or facility of combination coulil roake it auf^lit bnt a 
stiff dead structure, iacapal)lc of gupplying for any tinu' tlio needs of a think- 
ing, feeling, ob^^orving, and reasoning community. Uid words are applied to i 
liew usee ; the general is individualized, the indiyidual generalized ; tne con* 
Crete becomes the abstract; a pregnant expression, a startling metaphor, is 
reduced to the level of an ordinary plirase ; delicate shades of meaning are dis* 
tinguished by the gradual differentiation of synonymous woi-rlf, and po on. 

The rate at which tbppe procopfjos of cIiaii^M' on is very various. It de- 
pends, in part, upon subtle and recondite cauHcc^, as upon the iudividual char- 
acter of different languages and the qualities of the peoples who speak them^ 
qualities, perhaps, wliicb cxbibit themselves only in this way, and hardly ad* 
mit of analysis and recognition elaewhere. In part, it depends also upon ex- 
ternal circumstances, upon chnnp? of Fiirroundin^js and mode of life, of mental 
and physical activity. An Eugiish family, wrecked on a coral island in the 
south seas, would soon find a great part of its vocabulary useless, and^ in a 
very few generations its language would have become vastly impoverished. 
A tribe nom such an island, again, if suddenly transferred to the midst of 
northern variety of clime, product, and occnpation, would have to expand 
rapidly its store of speech to keep pace with the growing wealth of its expe- 
rionces. As regards grammatical change, all that assists the purity of linguistic 
tradition tends to keep language the same j so, especially, culture, literature 
the habit of instruction. Carenil and pervading education reduces to a mini- 
,mnm that immense and most important class of changes which begins in popu- 
lar inaccurncioi?. On the otln r band, tbe intermixture of races of diverse 
speech, reudi rinfj necessary the. ( laboration, by mutual compromise, of anew 
dialect for common use, tends powermlly to the disorganization of grammatical 
structure. It is such a course which has made of our English uielangua^ 
which, above all others, has yidded up most of the grammatical fkl^e whiSk 
was its birthright and inheritance. 



The processes of alteration illustrated in the last lecture are ftmiUarlv spoken 
of as going on in language itself, like fermentation in bread, or deptacement 

and replacement in animal ti.«!suer^. But it mu.=t not be for^^'otfen that every 
separate item of change is tJie work of an individual or individuals. In lan- 
guage, the ultimate atoms' at work are not dead matter, but intelligent beings, 
acting &r a purpose. Each, indeed, acts uniHremeditatedly, and &r the most 
part unconsciously ; each only wants to use tne common possession for his own 
benefit* at his own convenience ; yet each is also an actor in the great work of 
prrserving- and of phaping tbe general speech. Now, tlic infinite diversity of 
c'ircumstancef* and of characters in the speakerB of lanf:;'uage tends toward infi- 
nite divcrtsity in their action and its results ; each would, acting independently, 
impress upon its progress a somewhat diffiarent oouxm. latgnistie dmlop- 
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ment is thus the ]iro(lu - t of nn infinity of divergeut or cenlrifu<;al forces. The 
great centripetai lurce wJnich iioids iLem in check, and combines them into a 
single dit«ction» ia the neceesitj of communication. Man' is no eoliloquist, and 
that would not be language! wnidi was understood and employed by one only. 
Eacli person is, in his own way, engaged in modifying language, but no one*s 
action >hapes the general f»)>occh unless it be accepted by tlie vest :v.\d l-ecome 
common u.-nfre. Each community must speak alike; whatever changes their 
tongue may undergo must be ratihed and adopted by them ail. 

Commnnication Dcing thus the force which produces onifonnity of speech, it 
is clear that whatever narrows communication ami tends to isolate communities 
favors separation ofu language into dialects; whatever extend^: commnniealion 
and expands the iimit.s of communities, tends to preserve lanf;iuii;e homoge- 
neous. When a race is conhned within narrow boundaries, however rapidiy 
its tongue may undergo the ioeTitable processes of change, all will I^m from 
, eaeh and cach'from all, and they will continue to understand one another. But 
if the race grow rapidly in numbei-s, spreadhig over region after region, and « 
sending out distant colonies, only favoring circumstances and couditionB can 
preserve its unity (jf speech. Tn a low ptnfe of civilization a maintenaucc of 
the bunds of comnmuity over a wide area i< impracticable; the tendency is to 
clannish feeling, to separation into tribes; iind multiplicity of dialects is the 
natural consequence. Culture aud enlightenment give a wonderful cohesive 
force ; political unity, national feeling, community of traditions and faith, make . 
■ stronplv in favor of linguistic unity also; a trnditinnal liternture helps yet more 
po\\eriully to the same result; but, most of all, a writttu literature, and a sys- 
tem of popular instruction. The some causes which restrict the variation of 
language in time; from generation to generation, restrict it also in space, from 
zeglbn to region. Moreover, as community occasions and preserves identity of 
speech, so it also has power to bring id< iillly otit of di.>slmilarity. Thf* fusion 
of communities causes the fusion of their forms of speech; the multiplication 
and strengthening of the ties which bind together the sections of a people makes 
Ibr the eflacement of differences already existing, the assimilation of dialects, and 
the production of homogeneous language. 

Both classes of inflncnces — those which lead to diversity and those wfiich 
produce assimilation — are always at work, and a consideration of their joint 
and mutual action is necessary to the explanation or the hist (try of any lan- 
guage, or iamiiy oi languages; but the former are more fundameiiial and in- 
separable from linguistic growth t tho latter are more external and incidental, 
more varying in their mode and scale of operation. Language everywhere 
tends to diversity, but circumstances connectod with its use check, control, and 
even reverse tho tendency. The division of n formerly homo^reneous language 
into dialects has been the rule in human history ; the extinction of dialectic 
differences, whether by the extinction or fusion with others of the peoples cm- 
ploying them, or by extension of the sway of single dialects, has been the ex- 
ception, connected with the great jfocts of history, as the spread of empii-e and 
civilization under the aufspicc? of certain race?. ]\Ii.-led by a too exclnsive at- 
tention to fajcls of the hitter class, one or two modern autliors of high rank have 
been guilty of the paradox of holding that intinite ditdcctic division is tho 
normd primitive state of language, which tends to cftalescence and assimilation. 
A greater and more pernicious error could hardly be maintained. 

i^he principles here laid down teach us how we are to proceed in 1 ifying 
and arranging" the infinity of tongues now prevailing on the earth. Many of 
th'-ni, nt least, ar(.' lh(.' divergent branches of more original stocks. Languages 
aic lu be grouped by iheir affinities : we arc to rauk together first those which 
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arc of closest and most evident relationship, and gnduallj' to extciul our sdiemo 
till Arc have done all which the nature of the case pcimitB ; till the evidence on 
which we found our chissificrifion fnilf^ \w. 

That the slightly distiuguisia'ii ibrms of speech prevailing in the diflercut 
Mctiona of our own countxy* and e^ tlie mote notable dialects which are to 
he found among the lower orders of population in the British islc8» constitato 
together a single language, is too evident to call for proof. Let the man most 
ignorant of history go about the ^vmld, from l^ritish colony to colony, linding 
here and there, on coast and islaiiil. in iorti-csa and city, roTnmunitics of Engli.^h- 
BDcaking people, and he will not ihiuk of doubting tiiat thty were all scattered 
thither from a common centre, and have their common language by community 
of linguistic tradition. A like conclusion is almost equally palpable when we 
seek after kindred for our language on the continent of Knropc. There is a ^ 
large claf«s of evidently related dialcctP, occupying the Nrtlierlandt;, Germany, 
Denmark, the Scandinavian peninsula, and Iceland, which a very little study 
shows us to he akin with the more important half of our own tongue, that 
which comes to us from the Anglo-Saxon. There is another lai^ge class in 
southern Europe, compn'sing the French, Spanish, Portuguese, Italian, Ilhs3to- 
Eomanic, and Wallachian, which exhibit an equally clear connexion with the 
non-Saxon part of our familiar Fpeech. If wo nny fruie, while; the Dutchman 
says trouw, the German trcu, the Swede and JJaac tro, &c., it is because wo • 
hare all received the same word in the same sense by uninterrupted tradition 
firom some community which used a form coincident with one of thcBc, or nearly 
resembling them all. So, also, if we say verifij, while the Frenchman says 
verite, the Italian rrrifa, the Spaniard verdad, &c. llccorded history, in fact, 
fully explains the descent of this latter class of languages from a single mother, 
the Latin, as it also makes clear why our English is composed of matcri;jls 
derived from hoth dassea. What recorded history does not explain is the 
more recondite, but not less undeniable evidence of relationship which wc ilk- 
cover brtn'r-rn tho^r' two clas^efs thrmsolvrF, ns woU as between them both and 
most of the other languages of Europe, together with some of tliop;^ of Asia. 
These arc, namely, the Greek, ancient and modern ; the Slavonic, occupying 
Bussio, Poland, Bohemia, Servia, and other nrovinees in the eastern part 9? 
Austria and the northern of Turkey ; the Lithuanic, around the southern shore 
of the Baltic; the Celtic, of which the scanty remains are now found in Ireland, 
the Scotch hii^lilan lis, Wales, and Brittany; nii(], out.-ido of Europo, the torprnos 
of Iran, ns the Persian, with its ancient and modern coiif/eiu rF. and its remoter 
kindred, Kurdish, Annenian, Afghan, and Ossetic; and, unaily, the iauguagea 
of India, the Sanscrit and its descendants. 

These various branches - 1 j^ether to make up the great family of relai- d 
languages which we call the Indo-European. Their relation to one another is 
the same in kind with that of the various Germanic dialect?, or the Romanic, 
and ditlers only in degree. The resemblances and coincidences which they 
exhibit ai-c explainable only upon the hypothesis of a common linguistic tradi- 
tion ; their differences are fully accounted fbr by their divergent growth and 
development during the ages which have passed since thehr separation. A few 
selected specimens of their aecnr'lanco will be ennnn:h to give bore, ns theii"* 
relation is now a matter of general knowledge, and few or none are found to 
doubt or deny it. Examples of words coiTesponding in all or nearly all the 
branches aire ai follows (the equivalent words in two or three unconnected 
languages are also added for the sake of more fbUy ezhibitiDg the value of the 
coimBldenccg) } 
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Three. 


SeTen. 


Tluni. 


Me. 


Kotbor* 


Bnrtber. 




Slavonic ............ 

Ct^' tic 


Twa. 

Du. 

Dwa. 

Dau. 

Duo. 

Duo. 

Dwa. 

Swa. 

Ithn. 

Iki. 

Ket 


ThrL 

Tri. 

Tii. 

Tri. 

'Ires. 

Trels." 

Tri. 

Til. . 

Thalutb. 

Uch. 

Harom. 


Sib-.ta. 
Septyni. 

Si'tiiui. 

.Sfchl. 

8c|itetu. 
Ilepta. 
Uapta. 
Sapta. 

Sab'. 
Ye«U. 
Uet. 


Thu. 
Tu, 

TU. 

'ill 
Tu. 
Su. 

Tw"^ 

Anta. 

Scu. 
Te. 


Mik. 

Maodn. 

Man. 

Me. 
Me. 
Hi. 
Me. 

Ana. 

Buu. 


Muoter. 

THotcr. 

Mater. 

Mater. 
.M.-t,r. 
Matar. 
Uitar. 

I'tnm. 
A:, a. 
Any a. 


Brothar. 

Brolii. 

Brut. 

Frater. 
Pbrator. 


Dniihtar. 

IJuktcr. 

Dochy. 




Thngatir. 


Turkish 


Bbratar. 

Akb. 

Kaniasb. 
Fiver. 


Dobitar. 

Hint. 

Kiz. 



• Uut, to the historical student of L'liigunirc, correspondences of grammatical 
structure are more unequivocal aigrts oi near relationship than correspondences 
of words, being less exposed to imputation of accidental origin. As striking 
and convincing an example of this kind of evidence, perhapei aa anj other ia 
fiimisbed in the inflection of the verbal tenses, as follows : 



* ■ 


Ihara. 


Tlwaiuttt. 


Habatb. 

— 


We baTa. 


Tohavak 


Thqrha-t«k 




Ilab.-v. 

-mi. 
-:ni. 

-lU. 

llabrri. 
-mi. 
-m- 


Ilabai-R. 

-si. 
Ilabe-c 


Habai-th. 
-tl. 
-ti. 
-«i 
Ilabe-t. 
-ti. 
-d. 


Uaba-m. 

-me. 
-mu. 
-in. 
nabe-inufl. 
-Diea. 
-m. 


Oabai-tb. 
-te. 
-te. 
-<L 

Hab«-tis. 
-te. 
-<L 


U&ba-nd. 
-tl. 
-nU. - 
-t 

Hab«-nt. ■ 
-ati, 
-Ad. 



These are specimens, taken from among a host of othen which crowd everj 
pai't of the grammar and vocabulary of the languages in question, and their 
convincing wcif^ht it is impossible to den^^ It is certain that at some time in 
the past, and in some limited region of A.^i* or Europe, there lived a tribe from 
whose rude speech h&ve descended all those rich and cultivated tongues now 
8]poken and written by so many great nations of both the eastern and western 
continents ; but to know just where and when is beyond our power. The claim 
often Pct up that the home of the family W!!« in the northeastern part of the 
Iranian platean, not far i'r/>in tlie mountains of the Tiin(hi-Koh, rests upon no 
sufficient grounds. The truuitioua of no race reach back tur enougli to be 
authoritative upon sndi a point. Nor is the testimony derivable from language 
more conclusive. And to defme, < \ en with distant approach to confidence, the 
time ^s hich the tongues of the family must have occupied in running their 
career of development is whollv impracticable. That the time of Indo-Euro- 
pean unity must have been thousands of years before Christ is very certain. 
Becent discoveries are proving d»at man's antiquity is much greater than has 
hitherto been usually supposed. Respecting the origin of particular races our 
knowledge is likely ever to continue exceedingly indefinite. As to the grade 
« of civilization and mode of life, however, of tlie Indo-Kuropean family before 
its dispersion, their language gives u.s reliable, though incomplete, informatiou. 
Words which arc found in the speech of all the separated branches muot have 
appertained to the mother tongue, and must imply the knowledge or possession, 
in that primitive period, of what they indicaii . By such means we learn that 
the tribe was not nomadic, and that it addicted itself to agriculture and tho 
raising t»f cattle. R reared our ciiief domestic animals. Tlu' region it inhabited 
was varied, and not near tlie octjanj its most marked season was winter. 
Barleyt and perhaps wheat also, was raised for food. Certain metals wane 
w orked, perhaps iron among th^. Weaving *was practiced. The arms of 
offence and defence were those usual among primitive peoples— the bow, sword. 
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spear, and sliield. Boats were Irailt and managed hj oars. The political oigasl* 
Eation was probably that of petty tribes. The yelations of the family were well 
and cli^tinctly c?tal')li?h<^(i. Some of the gtars were noticrd nnd named ; the 
moon was the chief measurer of time. 'Vho religion was polyllici-tic — a woi -hip 
of the personified powers of nature, and ita rites were pracuccd wiiiiuui a 
piieBthood. 



The present leetnre is to be deroted to tlie fiurtlier consideration of the Indo* 

European family, to a brief ^position of its importance, and of the special 
iutcrc^t attaching to its language, and to aome account of the history q£ the 

latter. 

One source of the especial interest which we fed in Indo-Euiopeau speech 
ia found m the &ct that onr own language is one of its branches. This would 
call for and justify a particular attention to it on our part, even, did it lack 
claims to the same from men of other races. But it does, in fact, possess such 

claims, and that partly by reason of the historical importance of tho peoples 
wlncli f^prnk it, and tlieir .superior gifts, which lend promi n en t value to iiujuirics 
inLu a muLLcr whicli iliubtrates both. Since the iirsL riau of the Persian empire, 
the TariouB branchea of this fiunilj have borne a leading part in the drama of 
universal history. Greece, however, the bitter foe and final conqueror of Persia^ 
was the chii f Ibunder of Indo-European greatncs?, and the most brilliant ex- 
ample of Indo-Kuropean genius ; in art and literature what the Hebrew race 
baa been iu religion, and exerting an influence as unlimited in space and in 
time. Eome next, inheriting the fruits of Greek culture, gained the empure of 
the world, and impressed upon all nations a political and social unity. Chris- 
tianity itself, rejected by the Semitic race among whom it appearcdi was taken 
up by ludo-Europeanp, and added a new bond of unity, a religious one, to tho 
ties by which Rome bound the world toiretln'r. The German? were mainly 
instrumental iu overthrowing the power of Home; they gave monarcha to nearly 
every throne in Europe, and infused new blood into the effete populations; but 
' their devastations ushered in a period of darkness, during which it seemed for 
a time as if the Semites, inspired with the fury of u new religion, (jMoham- 
medanism,) were to succeed to the enijiiro of humanity. With their repulse and 
downfall began tho last and most glorious era of Indo-Kurojx in supremacy, in 
the midiat of which we li\ c; when the races of ili;it family are the uudibpiiled 
leaders, the acknowledged guardians and proj^agators of civilization. The 
establishment of the unity of this family, and the light thrown from language 
upon its history, con^^titntc the mo^t hrilli;;ut achievement of the new science 
of language, ^\ hick bepm with its n eo':;nition, and has developed along with 
its investigation. Indo-European language furnished sucli a grand body of 
related facts as the science needed for its sure foundation. Its dialects have a 
range, in period and variety of development, to which those of no other family 
approach I they illustrate the processes of linguistic growth upon sji unrivalled 
?calc. The records of Chinese literature go back, perhaps, to an antiquity as 
great, or greater; but th(^ Chinese l;in*!:na^e i? almost without a history. There 
are lilgyptian written documents which are older than anything else the world 
has to show, but they are scanty and obscure, and the Egy ptian tongue also 
stands comparatively isolated. The Semitic languages come nearest to offering 
a parallel ; but they, too, fall far short of it. While their age is nearly the same, 
their variety is greatly inferior; they arc a ^n-oup of closely rolat( d dialects, not 
prr.-cuting greater diiierences than some siugie brauches of the Indo-European 
. lamily, as, for instance, the Germanic. And the other divisions of the human 
race hardly cov^r, to anynotable eztentr time as well as space with their known 
^alecta; they offer us only their extant forms of speech. Now, much may he 
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done, evca witli the aid of eonUmpoaenj related dialects only, toward pene- 
trating their common 1ii«(ory, because ono will be found to havo prcscrvca one 
part, anotlicT another, of their ancestral tongues; but concIu^i<ll:f^ so reached 
will be iufcrior both in copiousness and in ccrtanaty to those which are derived 
from a oomparatiTO stodj of older and younger dialectfl» which illustrate the 
laws of change in their progress, and ti ac c, as ii w « n . currents and courst s of 
development whose dii( ction we can follow backward with corufidence. This 
advantage we enjoy, to the highest liuown degree, in the lndo-Euro])oan lan- 

guages. In the Germanic branch we have several uitiercnt lines of iinguistic 
escent, extending through a period of 1,500 years ; the English going back to 
the Anglo-Sazou of the seventh eentury ; the German nearly or quite as &r ; 
the Scandinavian to a somewhat lt^>s remote period; while the Tenerable Gothic 
of the foiirlli c*'ntnry (oldest of all) helps iiotalily to Lrld'^o over the interval to 
the primitive language of the family. Celtic literature is much less rich, and 
also less ancient, carrying us up to or beyond the tenth century. The oldest 
of the numerous Slavonic dialects, the ancient Bulgarian, haa monuments a 
thousand years old. The Lithuauic is of much more recent date, hut in many 
of Its forms more antique and primitive than any of the languages hitherto 
referred to. The Romanic lanprtiae^ps, through their mother, the Latin, take 
us up to a few centuries beyond the Christian era; the Greek to toward a 
thousand years before Christ. The varied series of Persian tongues comes 
down from tfn antiquity nearly equalling the Greek; and the Sanscrit, the 
sacred language of aiu-i* nt India, exceedtner all the rest in age, and yet more in 
its preservation of pi imiiive material and Itum?. reaches in its oldest records an 
epoch leuioved nearly 4,000 years from our own day. 

In investigating this rich and varied body of kindred tongues, the new 
science of language elaborated its processes and deduced its general laws, ap- 
plicable, .with such modifications as the separate cases require, to other families 
also. The general method of study is eyerywhere the same, being conditioned 
by the nature of lr\n«:nn2:o it?olf, as a thinp: of historic growtli, and hy tlie 
capacity of related languages to cast light upon each other's history. Historic 
analyhir*, by the aid of un extensive and careful comparison of kindied forms, is 
tiie grand means of research. From this its fundamental method, the scienoe* • 
in its growing stage, bore for some time the familiar name of "comparative 
philology." The comparison must be made in a scientific and orderly manner, 
proceedin^:: from the nearer to the more remotely connected, from the clearer to 
the more olisenre; but, hnally, all language is bKuiirlit within itf sphLie, and 
the full meaning of each linguistic fact is read in the light of every other, 
diverse as well as correspondent. 

The history of Indo-European speech has been more carefully read, and is 
better understood, than that of any other grand division of human language — 
imperfect a*! ip Ptill our eoniprehcnsion of much that concerns it, partly owing 
to the incomplete analysis of evidence still preserved, but partly also to the 
irreparable loss of evidence. Some of the principal facts in that history are 
worthy of farther attention. 

The chief procesBes in the growth of the languages of our fmily have been 
shown to he the combination of old mat<nial into new word?, with accompany- 
ing corruption and mutilation of phoneiic t'orui and independent meaning. 
These processes may go on in the future to an indefinite extent, with coust4iut 
evolution from each form of speech of another slightly differing from it, until 
the descendants of every existing dialect shall be so unlike their anceatoxs 
that their relationship shall be scarcely discoverable. The question arises, 
whether there has been the same indefinite pro*^es8 in the past, witln nt 
traceable sign of an actual beginning. This inquiry is to be answered in liie 
uegativc; the evidence of language points distinctly back to an earliest cou- 
dition, or eommeneement of hiatbiy ; oar analysis brings ui finally to alsmiMils 
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whicli wc must regard as original. Fint, it mnst be claimed tbat onr analyses m 

rrrj], nnd not imaginary'; tlicy arc the retracing of the steps of a previous 
synthesis. This is p ilp ibly the ca^'o with the latest of them, as in the case 
of truthful ( truth-Jut) and godXif (god-likc) ; it is equally clcai*, too, as regards 
all the formative apparatus which is peculiar to the Crermanic languages, since 
this must have been elaborated by them firom their own materials, ^ince the 
aeparation. of the Germanic branch from the rest of the family. But tlu re 13 
no stoppinjr in thi?! series of nclmisfion?. Every word-element, separable by 
analyaiB. ot' wliirli tlie genesis can be shown, which can be carried back to a 
word having an independent status in ihit language, must have been appended 
as an independent vocable to the words with which it was first connected. 
And even more. Considering how easily tlio evidence of origin becomes oblit- 
erated by the processes of phonetic alteration, we may not deny a former in- 
dependence to formative elements of which we cannot now t.ace the genesis. 
The parts into which etymological analysis separates our words are, as a uni- 
versal rule, those by the actual putting together of which the words in ques- 
tion were once made up. In analyzing irrevoeabilitv, for example, wo take 
off affix after affix, leaving each time a word to which that affix had been 
added, till at 1a?t i:^ left only the pyllahle roc, which conveys the iflea of "call- 
ing," and which, thoni;h nowhere appearinj^ in its naked form in actual use, 
we must believe to have existed before any ope of the various aiiixes with 
which we find it in combination was appended to it To such syllables, which 
we caU roots, we everywhere arrive by pushing our analytical process to the 
utmost, and these wc believe to be tin; i^^erms out of which language has actu- 
ally c^rowu. In other words, the lnch)-European languages hcp:an with au 
original moDOsyllabic stage. From monosyiiabic routs, by proce^sci not ditfer- 
iug in nature from those which are still in operation, has been dcvjcloped the 
marvellous and richly varied stmctoie of onr niodem speech. This is a trutht 
tbe recognition of which has been reached, almost with unanimity, by students 
of lanqrv.np^e ; the objections which are nVpred against it by the few who refufio 
it their belief are founded in midappreheasion and prejudice, and are of no 
^ avail. 

The Indo-European roots are of two classes : roots of position, demuostrB* 
tive or pronominal roots, and roots of quality, predicative or verbal roots. The 
f(;rraer form chiefly pronouns and prepositions ; the latter, verbs and nouns. 

Pronominal roots denote the relations of things to the speaker as regards place; 
their rundamentai distinction i.-^ lirtween the this and the that, the nearer and 
the remoter object. They are of the simplest phonetic form, generally a c?im- 
ple consonant with a following vowel» composing an open syllablo, e.nd they 
are but i\-\v in number. The verbal roots are more numerous, counting by 
hundreds, and they arc of every variety of fonn, from a simple voavcI to a 
vowel both preceded and followed by one or more consonants. Instances are ; 
• i and gd, denoting simple motion ; ak, swift motion ; std, standing ; ras, stay- 
ing; sitting ; pad, walking; vart, turning; pat, flyiug; ad, eating; pd, 
drinking; vid, seeins; rak, speaking; dd, giving; gcai^kf grasping; dik, 
pointing out; Mar, bearing; kar, inaking; boTuUk, hisidlng ; blui, shining; 
bhu, growing, &c., &c. They represent each it3 OAvn meaning in its naked- 
ness of all limitations or applications, in a state of indetenninatencss from 
which it is eq^ually ready to take on the semblance of verb, substantive, or 
adjective. 

The first b^innings of polysyllabir^m were made by cftmpounding together 
roots of the two classes. Thus, the addition to the root vdk, "speaking," of 
the pronominal elements mi, si, ti, produced combinations to which usage as- 
eigucd the meaning "I speak, thou speakcst, he speaks," laying in them the 
same idea of predication which we put into the ambiguous word love, when wo 
ny ''Hove.*' Other pronondiml elmients, modified or combined to express 
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duality and plurality, formed the other numbers of fin's simple verbal tense. 
The prefixiou of an augment, an crbial prefix, poiuting to a " then" or 
** there" us one of the conditioni^ of the action, gave a paiit tense; reduplica- 
tion, symbolizing the completion of the action, prMQCcd a perfect. The ratitxe 
and the moods, subjunctive and optative, wt re chiefly formed bv composition 
with the.developed forms of otlu r roots, signifying "to be" and "to desire." 
Expansions of the verbal schrmc, down to pnch late formationB a? the Germanic 
preterit fl lovr-d — / lurc-dalj and the Romanic future {j'ui/mr-ai =j*ai d 
aimer t " I havq io love,"} are very numerous and various. The same root of 
action or quality, by the aiddition of other affixes* in part of pronominal origin. 
In part derived from other verbal roots, had its indefinit^ess limited to expres- 
sion of the person or ih\n.^ pop^c^shiy the quality or excrtinj^ or .sufferinj:: the 
action, or nf the act or quality itself; and the form« so created became the basis 
of btill further modilicatiou and combination. Thus arose nouns, substantive 
and adjective ; for the two classes are originally and in idea bat one. Things 
were named as the possessors of qnaHties or acts, not in the way of definition 
or complete description, but by seizing on some notable characteristic, and 
making it stand as rrpresnntative of the re«t. Nouns were provided with cafe- 
terminations j these vaviiid the themes to which they were ai)P«'tHled, as to num- 
ber, whether shi^'ular, dual, or piaral ; as to gender, whether male, female, or 
neither of the two, (and this, asiuready noticed, upon an ideal scheme of dassi- 
fication ;) and as to case, or kind of reku.iou susiahied to the action of the non- 
tence, whether as subject, direct object, or indirect object, with implication of 
the relations which we express by the use of the prepositions to^ in, with, from, 
for, and of. Eight such cases were poasje^sed by the primitive language ; tbo 
Anglo-Saxon retained five of them ; we have saved but one of the oblique 
eases, the. genitive^ (onr "possessive.") Prepositions, adverbial prefixes to the 
verb, of mixed pronominal and verbal origin, were firom a very early time im- 
portant aids iu directing and limiting- the action expressed by the verb ; these 
only later, aud by degrees, detached themselves from the verb, and came to 
belong to the noun, assuming the ofiicc of its disappearing case-endings. The 
article is the part of speech of most modem origin, the definite article growing 
ont of the demonstrative pronoun, tiie indefinite out of the numeral om. 

At what rate these processes of growth went on at the beginning, how rapid 
"wa<? the development out of monosyllabic barrenness into the wealth and fer- 
tility of inflective s})eccli, we can never hope to know. The conditions of that 
ancient period, aud the degree in which they coidd quicken the now sluggish 
processes of word-combiniation and formation, are beyond onr ken. We know 
only that, before the separation of the Indo-Enropean tribe into the branches 
which lat* r became the nations of Europe and southwestern Asia, so much of 
this linguistic development had taken place that its traces remain uneffaced, 
even to the present day, in the languages of them ail ; aud, aliso, that the work 
was accomplished hunareds of years, if not thousands, before the light of re- 
corded history breaks upon the very oldest member of ti&e fiunily. 



Much of what has been e^liown to be triK^ oT tbc history of Indo-European 
language is true albo of that oi other div isiuus of the human race. Ail the 
varied forms of speech which fill the earth have grown into their nresent 
shape by development ont of such simple elements as we have called roots; 
roots, too, have been everywhere of the same two classes, pronominal and ver- 
bal, and the earliest forms have been produced especially by the combinntion 
of the two. Linguistic families are made up of those languages which iiave 
recognizably descended, in the ordinary coui'Se of linguistic traditiou, from a 
common ancestor. But these great families are found to diJfler fiN>m one 
anotiier, not only in their materiiQ, but also in their management of it ; in their 
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MBpreoeBSion of the grammatical relations to be expressed by the combmatiou 
of dements^ and in the general way in which they apply their resonrcea to the 

expression of these relations. Indo-European langaagea are what is generally 
calltnl *' inflcctivp." By this is meant, that th^y phow a peculiar nptihidc in 
clo.^f'ly combiuing the radical and formal elements, for^jctting their separate 
individuality, and accepting the compound as integral sign of the thing indi- 
cated ; anhmitting it then, aa a whole, to the altering proccBsea of linguistio 
growth. Thla tendency shows itself very differently in different constitnenta 
of the language : in untruthfully, for example, the four elements are held in- 
dopondrntly apart ; wliile in sing, sang, svng, song, ?nflection has reached it3 
extreme re^^nlt, hiiib^tiiuting an internal variation for original aggregation. The 
value of lLi8 diistiuction will appear more clearly as we go ou to consider the 
chiiraeteristica of the other great fiimiliea. We will take them np in an order 
partly geographical, partly based upon their relative importance. 

The second family irf tlio Semitic;, or Shrmitie, po calli d because the de?cnnt 
of most of the nationr» speaking its languages is traced in the Bible to bbem. 
Its principal branche.^ arcj : 1. The northern, Syriac or Aramaic. 2. The 
central, Hebrew and Pheuician. 3. Tiie aonthem, Arabic, with its outliers in 
£a8tem Africa, the languages of Abyaainia. It is a strongly marked group, 
and* thongh occupying but a narrow territory, is of prime consequence, from 
the conspicuous part whieli the race speaking it hm played in flu; history of 
the world. In the great empires of Mesopotamia the Semitic raee first rose to 
high importance; then in the commercial and civilizing activity of the Phe- 
niciaiia, whose colony, Carthage, long disputed the dominion of me world widi 
Rome. Meantime, the politically almost insignificant Uttle people of the 
Hebrews were producing a religion and religious literature, which, made uni- 
versal by Christ, were to become the mightiest elements in history. Finally, 
in the Mohammedan uprising, the third branch of the race advanced suddenly 
to a leading place, and for a while threatened even to reduce to vassalage the 
Indo*European nations ; and it is still a eonqnering and eivilizmg power in 
parts of Asia and Africa. 

The Semitic typf of langnagc U al^o inflective, like the Indo-European, hut 
not in ?nch a way arJ iin))lics any hi.-torical connexion between the two. The 
Semitic tongues are in ma ny respects of a more strange and isolated character 
than any others known. Their most fbndamental pecnliarityis the trilitcrality 
of ih&r roots, every Semttie verlMl root containing just three consonants. 
And it is composed only of consonants : their vocalization is almost solely a 
means of grammatical flexion. Thus, g-t-l is a root conveying the idea of 
"killing;" then qattUa means "he killed;" qutila, "he was killed;" vqtulj 
"kill;" qatih "killing;" iq^tal, "causing to kill;" qatU "murder;" qiilt 
<* enemy ; ' ' qutl, " murderous ; " and so on. Prefixes and suffixes are also used, 
l&nt to only a limited extent; there is little left for them to do ; the formation 
of derivative fifom derivative, by accumulation of affixes, is almost totally un- 
known. This signitieant vocalization is, to our knowledge, an ultimate fact in 
Semitic speech in all itB formg, as is the radical triliteralitv ; but it seems im- 
possible to regard the latter, especiaiiy, as absolutely original ; and many at- 
tempts are made, with bat indifferent success as yet, to reduce the roots to a 
simpler and less Frocrusteai| form, out of which they s^iould be a development. 
The different languages are of very near relationship, like German, Dutch, and 
Swedish, rather than like German, French, and Russian, for in-tanre. Xor 
have they varied in the course of thtir recorded history to uiiytiiing like Lbe 
game extent with the Indo-European languages. Everything in Semitic speech 
wears an aspect of peculiar rigi d i ly . 

The Semitic verb is strikingly unlike OUTS In its apprehension of the element 
of time. It distinguishes only two tenses, whose chief distinction is that of 
eomplete and incomplete action : each may be, in different circumstances, either 
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jpast, present, or future. Of wealtli of modal il»rm.8 there is but little ; distinc- 
tions of the action of trtiuaitire, ciMi8al» mtensive, iterative, reflexive* and the 
like, by BO-called conjugations, are mtiltipUed instead. In their nouiiB, the 
Semites diatinguish two genders, masculine and feminine, and three numbers ; 

but car<c8 are nlmt-st wriTiting, only the Arabic separating nominative, genitive, 
and accusative. The substantive verb is mostly wanting. The language is 
poor in particles aud connectives ; sentences are strung together, not interwoven 
into a period. The characterietic etifihese is also shown in the development of 
signification. Words applied to intellectual and moral uses remain metaphors ; 
the figure shows through, and rr^nnot he lost t^iglit of. Semitic speech, then, is 
rather pictorial, forcible, vivid, than adupt( d to cairn and reasoning philosophy. 

The next family of languages is one of much greater extent and variety. It 
covers the whole northern portion of the eastern continent, with most of General 
Asia, and parts of both Asia and Europe -lying further south. We will call it 
the Scythian family; it is known also by several other namen, as Ural-Altaic, 
Tataric, "Mongolian, Turanian. It is divided into five principal brandies : 1. 
The Ugrian, or Finno-liuugarian, which is cbieny European in situation, in- 
cluding the languages of the Lapps, the Finns, aud the Hungarians, with their 
congeners in the Russian territories, on both sides of the UraL 2. The Satnoi* 
edic, in Siberia, of small consequence. 3. The Turkish, or Tataric* spoken hj 
races who have played some conspicuous part in modern history, especially in 
the diFTnpmbcrmcnt of the Mohammrrlan empire: its subdivisions are nuraeroua, 
and extend tVoni Turkey in Europe to the lower Lena, in Northern Siberia. 4. 
The jVlongulian, the language of a people who in the 13th century overwhelmed 
nearly all the monarchies of Europe, and established for a bridf period an em- 
pire the \\ idest the world has ever seen : the Mongols now live in insignificance 
under Chinege domination. 5. The Tnniru^ic, in the extreme east, having for 
its principal branch the Mancliu, spoken by the present ruling dynaety and 
tribe in China. 

The Scvthian races have played but a anhoxdinate part in human afihiis. 
War and devastation have been their chief trade : they have shown no aptitude 
for advancing civilization, and but little for appropriating it. No written mon- 
uments of their langnnges eaiTv us Lack to a past at all remote. But it ia 
claimed of late by studuitd of the Assyrian and Babylonian inscriptions, that 
one of their languages is a Scythian dialect, of the 1* inuo-lluugarian branch, 
and even that those who spoke it were the founders of the dvUiaradoti of that 
region. If this is established as true, it will greatly mod^ the aspect of an- 
cient ethnological history. 

The linguistic tie wliicli bindH together the branches of this great family ia 
but a weali one, much less unequivocal than in the other families we have noted. 
There is less correspondence between them in linguistic material and forms; 
either their separation is very remote, or they have had a peculiarly mobile and 
alterable structure. Their chief resemblances are of morphological character; 
they arc all alike "agglutinative;" the combinations by wliich their words are 
formed are of a loose nature ; the root or theme is held apart from the sullixes, 
and these from one another, with a distinctive consciousness^ of their separate 
individuality. All formative elements follow the root to which they are attached; 
prefixes are unused ; the root, which is monosyllabic, remaining pure and un- 
changed, whatever accretions it may receive. It, however, usually affects the 
suffixes, in a manner which constitutes one of the striking phonetic peculiarities 
of the family. The vowels are divided into two elaj^pef, heavy and light, and 
only vowels of the same class are allowed to occur within the limits of the same 
word ; hencef the vowels of all suffixes are assimilated to that of the root. Thus, 
in Turkish, ham baba comes balM4ar-mm-4tm, " from our fathers while from 
dedtik comes ded&itr^n-dm, ** firom their grsnd&thers." This is usually called 
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til6 "law of liBrmome m^pieiice of vowels.'^ Varieties and irr^^larities of 

conjnpration and declension are almost wholly wantiiifr in Scythian {rramraar. 

The rank of the Scythian lan^'ua'jre- in the general scale of human speccli, 
notwithstanding their euphonious structure and great wealth of foruit> in certain 
depaitmeiits* is but an inferior one. Those of lihe western or European branch 
. are decidedly Idie noblest, and they diminiBh in Talne eastward, the Titngntio 
being the poorest of all. 

There are those who would give the Scythian family a yet wider extension, 
even making it include most of the other Asiatic tongues, with those of the 
islands. Such sweeping classification, in the present state of our knowledge, 
has no scientific Talne, and Is even opposed to the plainest evidences of 
goistic structure and material. One group, that of the Tamulic or Dravidian 
dialects of Southern India, is most confidently, and m ithmostplaosibUitjrtCiainied 
as Scythian, and may probably vet be proved .sncli. 

China and Farther India are occupied by races whose languages form a sin- 
gle elasB. Their distinction is that thej are monosyllabic; they have neyer 
grown out of that originnl stage in which, as we have seen, Indo-European 
speech also had its beginning. Their words are still roots, of indeterminate 
l()ij:ical form; they arc made partfs of pprrch only by the conscntinc^ npi'vobon- 
sion of speaker and hearer, guided by their order and by the general refjune 
ments of the ocnse. But while the different languages of the claiss agree lu 
general morphological character, they show great diversity in material, and the 
nature and degree of thehr lelationuiip is very obscure. Tlie Chinese is infi- 
nitely the most important among them. Its abundant literature goes baclc even 
itito the second thou.sand years before Chrint. It liaiS only about 450 different 
phonetic combinations in its vocabulary; which, however, by change in the 
tone of atteiance. are made into lather more than twice that number of distinct 
words* Yet this scan^ apparatus, by the power which the mind has over its^ 
instmmeni, has been die means of expression of far higher, profounder, and' 
more varied thouprht, than the majority of hig'ldy organized dialects 8])oken 
among men. China haa been the mother oi' culture to the races lying south, 
east, and went of her territory : the rtat of the world she has affected mainly 
through the prodncts of her ingenuity and industry. 

Those who speak the Malay- Polynesian languages fill all the islands, from 
the (^ast of Asia southward and eastward, from Madagascar to the Sandwich 
group, from New Zealand to Formosa. Only the present spoken dialects are 
known, and mont of tho&e but very imperiectly, so that their groupings and 
degrees of relationship are little understood : there may prove to be more than 
one distinct family among them. Their phonetic form is of the simplest kind. 
Tilt if roots are prevailingly dissyllsino in form, and of nominal rather than ver- 
bal meaning. Reduplication is a common mode of their development ; the rest 
is accon)pli.<hed more by prefixea than suffixes. Anything that can properly 
be called a verbal form is hardly to be found in most of the dialects; mood, 
tense, number, gender, case, are wanting. 

The oldest dated monuments of ancient culture, the oldest written records, 
ave found in the valley of the Nile. The earliest form of Egyptian speech is 
preserved on tables of stone and rolls of pnpyms held by dead hands; a later, 
the Coi)tic, has a Christian litenKurc of the hrst centuries after Christ, but the 
Coptic also has been extinct now ibr more than two centuries. It was of the 
simplest structure; its monosyllabic roots had value as verbs and as nouns, 
and only primary derivatives were formed from them ; nor were its suifixes, 
for the most part, more closely attached than those of the l^cythian family. 
In some of its constructions it was as bald as the Chinese, and even more am- 
biguous. It agrees with the Indo-European and Semitic languages in distin- 
guishing gender in its forms ; no other human languages do this. There are 
apparent signs of relationship betwiseu Egyptian and Semitic which lead msny 
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sebolan to entertain the confident opinion tbat'tfae two deseend fiom a eamr 

mon ancestor; tliis, lio'^'pver, is; as ret l)y iv> ino-^ns to be ren^nrderl a3 certain. 
Many of the totiguea of Ndrthern Africa, and the Hottentot ami Busljman, in 
South Africa, are aim asserted to exhibit signs of an ultimate connexion with 
Egyptian. Excepting those dialects which are either clearly Semitic, or 
clSmed to be of kindzed with Semitic or Egyptian, Africa is filled witib a 
great variety of tongueB* forming a distinct family. They are, in a certain 
way, rich in forms, and have Fome striking and peculiar traits. The use of 
preformativcs characterizes them ; a root never appears witliout a prefix of 
some kind, and the prefixes are varied to accord with that of the domiuaut 
word in the sentenee, producing a kind of syntactical alliteration. 

There remains for consideration, of the great &milies of bnmaa speech, only 
that one which occupies the American continent. It is too vai?t and varied to 
be dealt with here in any detail. Isolation of communities and the consequent 
indefinite separation into dialects have been carried in America to an extreme. 
Moreover, there is a peculiar changeableness of material, hard to explain and 
accoont for, which causes that two branches of a tribe which have been sep- 
arated but a brief time speak languages which are mutually unintelligible, 
and of which it is even hard to trace the relationship. But it i.s believed that 
a fundamental unity lies at the bacc of all ilie iniinite variety of American 
dialects, from the Arctic Circle to Cape Horn ; whatever their differen6es of 
material^ there is a single type or plan on which their foims are developed and 
theur eonstmctions made. It is called the incorporative» or polysynthetic. It 
tends to the aggregation of the parts of the sentence into one great wn 1 : to 
the stih.<titntiou of an intricate compound for the plirase with its separated and 
balanced numbers. 

No linguiritic evidence of any real value has yet been adduced going to show 
the affinity of American with Asiatic language, nor has the time yet come for 
a fmitful discussion of the question. To make a bare and immediate compari- 
son of the modem dialects of the two continents is altogether futile. When 
the comparative philolog-y of the separate families is fully worked out, from 
the coUatiou aud anaiyeis of all attainable material in each, if we shall find 
ourselves in a position to judge and decide the question of Asiatic derivation, 
we shall have reason to rejoice at it. What we have to do at present is 8im> 
ply to leam all that we possibly can abont the aboriginal languages of this 
continent ; our nntionnl honor and duty are peculiarly concerned in the M'ork, 
toward •which, with ton much reason, European pchohus accuse us of indifi'er- 
ence and inethciency. The Smithsonian Institution has recently taken up the 
subject, under special advantages and with landable zeal, and all Americans 
should countenance and assist its ^forts by eveiy means in their power. 

B^ore closing this cursory and imperfoct review of the great families of hu- 
man language, we should glance at one or two isolated language? or groups, 
hitherto unclaspified. One of the moBt noteworthy is the Baisque, spuken on 
the borders of France aud bpain by the representatives of the ancient Iberi- 
ans, and perhaps the scanty relic of a race earlier than the irmptions of.the 
Scythian and Indo-European tribes. Another is the Etruscan, of Italy, saved 
in scanty inscriptions, which offer an unsolved and probably insoluble problem 
to the linguistic student. In the Caucasian mountains, again, appears a little 
kuot of idioms which have defied the efforts of scholars in connect tliem with 
other known forms of speech.^ E^ch family has, as may be seen even from 
onr hasty sketch, its own peculiar cbaiactortstics, which distinguish it from 
every other. By such swooping classifications of them as into monosyllabic 
and polysyllabic, into isolating, agglutinative, and inflectional, or the like, little 
or nothing is gained. True clas&ificatiou must be founded on a cousideradon 
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a£ tte wiMie •o«pKeftte vtnttm of tin lAngaages cUmiHied ; it wm%, aibove 
all* be Iiistoriealt holding together, and Apart ftom others, those gionpft which 
give evideiMe of geneffcie denYAtioii fiom « commoii origiiMl. 



On reviewing this division of the families of language, any one will be etruck 
by it» Bon-ag ree i ac tt t with the diyiaioM baaed on physical ehwcterigto. Thia 
brings np the important qiuaation aa to the comparative vahie of Ihtfoiatie and 

phyr^idil lividoncc of race. A reconciliation of their seeminf^ rlipcordance must 
be rtouglit and iinally found, for the naturalii^t and linguist are both tryinL' to 
work out the same problem^^the actual genealogical history of human rac( — 
and they cannot diaiegaid each oihet'a lOBOlta. Their hannonious agreement 
en only be the rc^li of the gxeady advanced and perfected methods and con- 
ehnrkwit of both. Nothing more can be attempted here than to note certain 
general consithn-ation^ boaring upon the subject. 

In the lirst place, la!ijrnago ir? no certain evidence of descent. As was shown 
in the first lectiuti, luu^uage is nut inherited, but learned, and often from 
teaibbesB of other blood Uian the learner. Nor doee miztofe of language pioTe 
muEtnre of race. The Latin part of onr TOcabnUuy was bron^t ns by men of 
Ghsrmanic descent, who learned it from Celts and Germans, and they firom a 
mixed mas3 of Italian?. These defects of linguistic evidence have alwavs to 
be borne in mind by thoswi who an* drawing conclusions in linguistit* ( tlniolnjry. 
liu-t their effect must not be exaggerated ; nor must it be oveilooked that physi- ■ 
eal evidenee haa qirifte as important defeels. The kind and amonnt of modifi- 
catioii which external circumstances can introdnce into a race-type is as yet 
undetennioed. Many emiu'^nr naturalii^ts are not unT\ illin<^ to nuovr that al! 
existinp- H-flerence? amonjj^nicn maybe theelTect of processes of variation, and that 
the hypoiliesis of diil'ereut origins is at leaat unnecessary. Hence, as a race 
may change ita language, and not its physical type, it may also do tha eon- 
' trary. Langnage m*7 retain tnecs of mixture undiscoverable otherwise. Lan- 
guage may more readily and surely than physiology distingnish mixed ^m 
transitional types. In many respects linguiftic evidence has a greatly superior 
practical value ; differences of languap;e are nuu-li the more easily apjirehended, 
described, and recorded. Individual diilcrciiceti, often obscuring ruce-dificrences 
of a phyaieal character, disi^pear in language. Testimony coming down from 
remola times is mnoh mors aceeesiUe and anthenticaUe in langnage. Bi.^cord 
between the two, or question as to relative rank, there is none, or ought to be 
■ none. Both are equally legitimate and necc^i^ary modes of approachii-ir tlu 
solution of the same difficult and, in its details, insoluble problem, roan 'h ongm 
and history. Each has its notable limitations, and needs all the aid ii can get 
hvm the other and fiom recorded history to supply its defects and control its < 
conclusions. But the part whidi la ng aa g e has to perform in constructing the 
ethnological history of ihr^ rice mu9tl)e much the greater. In laying down 
grand outlines, in settiing ultimate qtiestions, the authority of physiology may 
be superior j but the lilling up of dcuiia, and the conversion of a barren classi- 
fication into a faistoiyf moat be SMonly accomplished by linguistic science. 

Another important qaestion is, what ban the study of language to say le- 
specting die nnity of the human race 1 This question can already be pretty 
confidently answered, but the anf?wcr must be a negative one only. Linguistic 
science can never hope to give any authoritative decision upon the subject. To 
show that it can never pretend to prove the ultimate variety of human ruces is 
very easy* It regivda language as aomeilting which has grown by degrees out 
of aoaa^ rudiments. It c^not assume that these radimeots were produced 
by any other agency thnn tliat which made their after combinations. It cannot 
say how long a time may have been occupied in the formation of roots, or how 
long the monosyllabic stage may have lasted } and it must con&es it aUogethei 
8 8 
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possible that an original Innnan rnce t^honld havn poparated into tribes before 
the formation of any lanjjnago so distinctly developed, and of bucIi fixed forma, 
as should leave traceable fragments in the later dialects of the sundered por- 
tions. Amoug all the varieties of human speech there are no differences which 
are not fhlly explainable upon the hypothesis of maty of descent. 

That the linguistic student also cannot bear positive testimony in fitvor of 
snch descent is equally demonstrable, although not by so direct an argument. 
There is here no tlicoretic impediment in the way, but a practical one. It might 
be hoped that traces of an original unity would be diBcoverable in ail parts of 
human language ; only examination eomd show that such is not the case. Bnt 
inTestigation, however incomplete, has alieadj gone &r enongh to leaye no 
reasonable expectation of making the discovery. 

The jM-orosses of lingniftic chang'<' nhvr the constituent parts of lanp:uage in 
every niatuier and to e^'ery degree, producing not only utter difierence between 
words which were originally one, but also apparent coneepondencc between 
those which are radically nnconnected. There are no two languages on the 
fa/ce of the earth between which a diligent search may not bring to light resem- 
blances which are easily proved by a little historical study to be no signp of rela- 
tionship, but only the rcsnlt of accident. Now, the more remote the time of sepa- 
ration of two related languages, the more numerous will bo their difierences, the 
more scanty their resemblsnees ; hence, the more ambiguous will be the indica- 
tions of their connexion; nntil ftially a point is reached where it is impossible 
to decide whether apparent coincidences which we discoT^ are g^ninet or only 
accidental, and evidence of nothing; and, in the comparison of languages, that 
point is actually reached. When we come to hold together the forms of speech 
belonging to different families, the evidence fails us. It is no longer of force to 
prove anything to our satisfaction. The fiunilies are composed of such lan- 
guages as can DO seen to have grown together ont of the radical stage. If there 
is community between them, it must lie in their roots alone ; and to give the 
comparison this form is virtually to abandon it as hopeless. To trace ont the 
roots of any i'amily, in their ultimate form and primitive signification, is a task 
of the very gravest difficulty. By the help of the great variety tmd an- 
ti<][uity of its dialects, and especially by the Sanscrit, (he task can be somewhat 
saliswctorily accomplished for the Indo-European tongue ; but the Semitic 
roots, as already explained, are of th<' mo-^t jH'rplexingly developed form, lladi- 
cal correspondences among the great branches of the Scythian family are hardly 
sufficient to prove the ultimate relationship of those branches ; and to hope that, 
in the blind confusion of Malay, A&ican, and American dialectSy Hnguibtie 
analysis will ever arriye at a confident recognition of their primitive germs, is 
altogeHi^fiitile. Accidental correspondences are, if anything, more likSy to ap- 
pear among root? than in the forms of developed speech. Authorities are much 
divided upon the question whether the Indo-European and Semitic families nre 
proved connected, with a decided preponderance of the best and safest opinions 
on the negative side. If it may possibly be hoped that their connexion will 
yet be established, with the help of evidence coming- from outside of language 
the same hope cannot be entertained as to tlie connexion of eitiier of these with 
any other family, and yet less as to the inter-connexion of all the families. 

We come, hually, to consider the origin of language. We may claim that 
the problem has been greatly simplified by what has already b^n proved as to 
the history of speech. Did we find the latter everywhere and always a com- 
pletely developed and complicated apparstQS, we might be tempted to despair of 
explaining its origin otherwise than'by the simple hypothesis of a miraculous 
agency. But we have pcen that the wealth of the noblest tongues comes by • 
slow accumulation from an early poverty. W^e have only to satisfy ourselves how 
men should have become possessed, at first, of the scanty and humble germs of 
Janguage. And> in the first place, theie is no veasoA for supposing them 
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generated by auy other agency than that which is active in their after combi- 
* mtton and development; namely, hy the ooDfleions ezertioii of man's natmal 

powers, by hia nse of tho faculties coufemdnpon him for the satisfiM^tioii of the 
necessities implanted in him. In this way, and in no other, is language a di- 
vine gift. Tt 15? divine in the sense that man's nature, with all its capacitiof and 
acquirement^^, \a a divine creation. It is human, in that it is a product of that 
nature, in its normal workings. 

It Is liighly important that we make dear to omselTea what ia tho direetly 
mpelling fbrec to the prodnetion of language. It h not any internal and 
necessary impulse to expression on the pnrt nf tliought itself, altliour^h this is 
very often maintained; it is th(^ desin; of comminiication. One man alonr would 
never form a language. Two children could not grow up together without ac- 

aoixing some meaaB of exdiange of thought Language is not thought, nor 
bought language; norisdiere a mysterious and indissoluble connexion between 
the two, so that we cannot conceive of the existence of the one apart from the 
other. But thought would be awkward, {e(Mo, and indistinct, witliout the 
working; apparatus afforded it in language. The mind, deprived of auch an in- 
strument, would be, as it were, lamed and palsied. Tiic possession of ideas, 
cognitionB, reasonings, dednetions, imaginings, hopes, cannot he denied to the 
deaf and dumb, even when nntaught any substitute for spoken language ; nor, 
indeed,.even to the lower animals, in greatly inferior and greatly varying degree. 
Tlioiifrht is anterior to language and independent of it. It does not require ex- 
pression in order to be thought. The incalculable advantage which it derives 
nrom its command of speech, though a ncceg^aiy implication in the gift of 
speech to man, comes incidentally, growing ont of that oommnnication which 
man must and will have with his fellow. A word, then, is not a thoaght ; it 
i? tlie sign of thought, arbitrarily selected and conventionally agreed upon. 
It is the fashion to cry down tli(! use of the word conventional as applied to 
language ; but, rightly understood, it precisely expresses the fact. It does not 
imply the holding of a convention and ftnrmal discussion, but the acceptance and 
adoption into nse, on the port of a commnnity, of something proposed by an in- 
dividual ; and in no other way, as has been shown above, does anything in 
language originate; nor did it, I)ack to the very beginning. Every root-syllable 
was first used in its peculiar sense by some one, and became language by the 
aBsent of others. 

These considerations relieve ihe remaining part of onr problem of mnch of its 

difficulty. Under the outward impulse to commnnlcation, tiiought tends irre- 
sistibly toward expression ; it will have expression, and, were it destitute of 
articulate gpeech, it would have sought and found other means — gestures, atti- 
tudes, looks, written signs, any or all of these. But the voice was t he appointed 
aad provided means of supplying this groat want, and no race of men, accord- 
ingly, is found nnprovidea with articnhtte speech. It remains to inquire how 
men shonld have discovered what the voice was meant for, and have applied it 
to its proper vise. Several theories have been proposed in explanation cA' this. 
One, tiie onomatopoetic, supposes that the lirst names of objects and acts were 
generated by imitation of the cries of animals and the noises of dead nature; 
•mother, the interfectional, regards the natural sounds which we utter when in 
« state of excited feeling, our exclamations, as the begimungs of speech ; another 
compares man's Utterance with the ringing of natural substances when struck, 
and holds that man has an instinctive faculty for giving expression to tho 
rational conceptions of his mind. The last of these is believed to be destitute 
of all value, as grounded in unBound theory, and supported by nothiug in our 
experience or observation. The other two are so &r true that it must be granted 
Aat exclamations and imitated sounds helped men to realize that they had in 
weur voice B that which was capable of being applied to express the movements 
of their spirits. But the stuay of language brings to light no interjectional 
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roots ; and OBomatopoetie oimb, altihoiig^ sometimes met with» are* rare, «t least 
in the better known fiuaUies of langoage, and in great part of late f rmation. 

EviJcuot^ does not sliow, and theory docs not require, that the actual bogiiiiiinga 
of Bpcoc^i Fbould have been of cither character. The process of root-making 
was in much the greatest part a free and arbitrary one ;. it was, as vvc may with 
especial propriety call it» a tentative process, a devis^ and experimental pro- 
posal of signs, to be iheneefoith asBodated by a eonmnmitj with eoncepmas 
wldeh pressed fbr lepcesentction. Objectlye and absolute connexion between 
sound and sense there was none, except in words of onomfitojmctic f i-m ition; 
of a subjective connexion, a c-vidiug analogy, we do catch occasional glimpses, 
or seem to catch them ; they aic too subtle and evanescent to be believed in 
wiili eonfidence, nor have we gionnd for suspeeting tlieir wide 
There is thus enough of obscurity, of nneertainty, resting npoa the earliest jpe- 
riod of linguistic growth ; but of mystery, hardly Baji the process is BOt bejond 
our ken, ahliongh its details' are out of our knowledge. 

Of all animals, man is the only one that haa proved luin-tlf cnpablc oi origi- 
pating a language. For this, the gcueral reason, that mau'6 eudowmcuis are 
vastly higher than those of the i&erior races, is the best that can be given. 
When philosophers shall have determined precisely wherein lies man's supe- 
riority, they will at the same time hare explained hif? exclusive possession of 
speech. If, however, it were necessary to i^ay in what mode of action lay that 
deficiency of power in the lower animals which, more than any otlier, put lan- 
guage out of their reach, we should incline to maintain that it was tho power of 
distinct reflection on the fitcts of eonscioiisness ; of analyzing impressions, aod 
setting their parts so clearly before the internal sense as to perceive that each 
is capable of a distinct Fign. Many 'niiinals come so near to a capacity for lan- 

fuage as to be able to understand and be directed by it, when addressed to them 
y man ; nor is their condition without analogy with that of very young chil- 
dren, whose power of comprehending language is developed much earlier and 
more rapidly than ^eir power of employing it. It may wdl be qnestioned 
whether, as regards capacity for speech, the distance from the unimpressiblo 
oyster, for instance, to the intelligent dog, is not vastly greater than that from 
the dog to the lowest and least cultivable races of men. 
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BY M. ELIE DE BEAUMONT, 



VBiXSLATED FOR TBS SMiTHBOinAlf DISIITUTIOJr BT a A, AIiEZAXDl 



To this Academy no spedeB of adeittjfic renown is alien; and if such men as 

la Pt'Touso, d'Eiitrecasteaux, Banclin, Diimont d'Urville, have disappeared 
from tlic stage of tlie world without having been numbered in its ranks, it was 
because an inauspicioufl destiny arrested their career. Their pllce here waa 
akeadj marked. To have obtained it wotdd have been to them, next to the 
consciousness of duty fulfilled, the Mgheat of gratifit itiona. To Ton, gentle- 
men, the privilege of crowning their memorable labors by yonr sufirages would 
havr- hfon a subject of the most just self-con f^ratulation. Those* labor? death, 
wliicli has t^uatched away their authors, hii& not withdrawn from youi- domain. 
It is still grateful to you to extol them, and your committee has concurred with 
me in thinking that I eonld prefer no better claim to yonr faTorable attention 
than by attempting to retrace, on this occasion, the life of a colleague who know 
how to obtain and to justify all yonr Rympatlilce', and whose name invariably 
recalls those of the lu roer^ of hydrography we have named, of whom he was, 
with better fortunes and not less daring, the companion, the rival, or the master. 

CharleB-Frangois Beantemps-Beaupre waa bom Angnst 6, 1766, at NeuTille 
an Font, a Tillage situated one league north of Sainte Menehold, in that part 
f£ Champagne which now forms the department of the Mame* father was 
an unpretending tiller of the soil, and the young Fran<;oiB, who seemed destined 
to cultivate, in his turn, the rather prosaic lields of that worthy country, passed 
his first years in youthful sports on the pleasant hills which, branching from 
the Argonne, agreeably diTersify the banke of the Aisne. Hia conatitntion, 
naturally robnat, and ^ ] :^^thened by country exercise, «eceiyed on one occa- 
sion a severe shock. Whifc heedlessly playing with the rope of the parochial 
bell he fell with violence, and sustained auch injuries of the head as to make 
trepanning necessary. The operation was no doubt skilfully performed, for 
the young sufferer became, with advancing years, a man of tall stature, of a 
noble and expressiTe nden, and retained, for nearly eighty years, the nee of the 
exalted fiicnltiea which won him a place in this assemblage. I have not been 
able to recover the name of the modest provincial surf^con to whom, under 
Providence, our colleafru(! waa indebted for life and intelligence, and avIjo, per- 
haps, never knew the full value of the head he had been instrumental in re- 
storing. 

M. Beantemps-Beanpr^ paaaed, indeed, onlj the years of childhood at his 
native village. Among his relations was an eminent geographer, M. Jean Nico- 
, las Buache, the head of a geographical establishment derived !iy collateral in- 
heritance from the family of Delisle — a family wholly devoted to science, and 
known, through more iliau a century, for its connexion with almost every pub- 
lication relating to geography, aatronomyy and the marine. H. Boaefae, Tialt- 
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ing Neuville au Pont about the year Xli tG, waa Btruck with the iutelligent conn- 
tenanee of his young nelatiTe. He was pleased at tke Idea of aaaociating wiiih 

liimself a docile inteUigence which might be trained to die conduct of tiM patri- 
monial business, and readily induced the little Beauprd to accompany him to 
Paris. Thus the latter found himself inBtalled. nt the age of ten ycnr?, it) the 
midst of the hereditary traditions of a house which had become, m some i t, 
the focus of geographical studies. He was charged with the arrangement aud 
preservation of uoee chaHs* atlases, and globes with which we have moat of ns 
been occupied at some period of our Htos. To this labor, whi* li wotdd have 
repelled the generality of young person?, he p^avc himpelf w ith unbounded de- 
votion. He lived among his dear maps, a^3^^ortiug, adjuistiiifr, studying them; 
hence he was not long in mastering all that was necessary for understanding 
Ihem. His vocation stood revealed to him; nor, with snch innate tastes, could 
his eventual accession to this Academy he a matter of doubt, provided that for 
him, the G<mdition stipulated in the distich of 1a Fontaine should be 
realised: 

"Utiile fish to lane wiU grow. 
If Ood jihaU ooljm Iws&w.'* 

« 

H. Buacbe, gratified at the manifestation of so happy a turn, affinded every 

facility in his power for its development. 

The attention of this learned geo^apher wa? by no means confined to the 
commerce of his establishment. He had assisted iu tlie education of the three 
princes who .became, succeibively, Louis XVI, Louis XVIII, aud Charles X, 
aod maintained with the first of these monarchst himself a dvstinguished geog- 
rapher, relations of confidence fi>unded on a similarity of tastes and studie.-^. It 
is to be presumed that he contributed much towards sha|)ii)<^ the views of the 
exe<'lleut King iu relatiou to the expedition of hi I'erouse, and being intrusted, 
jointly with M. Fleurieu, with the preparation of instructions for the voyage — 
mstructions strongly impressed with the benevolent spirit of Louis XVl — ^it 
became necessary for him to execute in the short space of three months a nn-' 
merous scries of charts. Katurally he turned for assistance in thiB labor to his 
young' coadjutor, with whost; talent for this Bpecies of design he had been so 
much delighted ; aud, (juite a3 naturally, the youthful enthusiast, iu whom 
there was much more than the material for a draughtsman, grew enamored, 
as he proceeded, not only of the charts but of the expedition^ and eagerly 
pressedf to be allowed to embark on one of the frigates. HappQy for himself 
and for science, M. Buache decided that, at the age of eighteen, there was yet 
too much for him to learn to make it advisable thnt hf sliouhl t ngnge in such 
an enterprise, and thus prevented his taking part ia that fatal expedition from 
which no one w u;s destined ever to return. 

The young Beaupr6 had noU however, escaped the notice of M. delFlenrieu* 
and was transferred as engplneer in 1785 from the department of the Marine, in 
which he had heretofore served under the orders of M. Buache, to that of the 
Controls, where, iu immediate subordination to M . de Fleurieu, he was required 
to assist in the execution of the chaits of the Baltic Neptwne. 

Meanwhile the expedition commanded by la Perouse had sailed from Brest, 
August 1, 1786. After having trav^csed the coasts of the Pacific ocean in all 
directions, and moored in the harbor of Botany Bay, it had again put to sea, 
March 10, 17SS, in order to prosecute the route marked in its instructions. 
From that time nothing had }>eeu beard of if. and apprehensions for its satcty 
began to bo entertained which were unhappily too well founded. 

ulie National Assembly having petitioned the King to despatch armed ves- * 
sels in search of the distinguishea navigator, two new frigates, la Recherche 
and rEsperance, were designated to sail, under the orders of Rear- Admiral 
Bruny d'Entrecasteanx, upon this laudable mission; and this time M. Beau* 
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tempi-Beaiipr^ obtained the £&vor of aocompanying the expedition. He was 
assigned, July 31, 1791» under the title of first hydrographical engineer, to 

the frigate la Recherche, commanded by the admii*al in person, and reported 
himself at Brest, whither he had repaired in company with i\I. de la Billardiere, 
Uie botanist of the expedition, and destined himself also to become a member 
«f this Academy. 

The two Teasels sailed Septeml i 29, 1791, at whicli time Beanpr^ was 

twenty-five years of age. By his labors during six years in the compilation 
of the Neptune of the Ball)'- sptit he had thus early become an experienced 
chartogiiipher, and the expedition now departing otl'ered the happiest occasion 
for the application of his talents in this line ; for the admiral, beiug about to 
explore with groat minnteneas all the coaata where traoea of la Peronae might 
be expected to be found, had received orders t6 determine at the aame time their 
hydrography with all possible compactness. 

After having doubled the Oape of Good llo]»e, the ex])('ditio]i passed in 
sight of the isle of Amsterdam, coasted a distance the southern shores of 
New Holland, and came to anchor towards the southeast point of Van Die- 
men's Land« at the then desert entrance of the river on which now stands iSbib 
city of Hobarttown. It next ^penetrated into the Pacific ocean, followed the 
western coast of New Caledonia and the northern of New ( Juinea, parsed to 
the northwest of Amboyna and Timor, to the west of New Hollaiul, ( xplored 
in detail the south coast of that vast region, and, after having ihus made its 
entne circnit, again cast anchor, Januaiy 21, 1793, in the aouth part of Van 
Diemen's Land. 

Having completed, during the finest month of the austral summer, import- 
ant hydiographical labors commenced the previous ycai", and particularly the 
siurvey of the straits of d'Entrecasteaux', which separate the isle of Bruuy from 
the main laud, the expedition again sailed, February 27, and passed anew into 
the wide Padfie. Directing i^ course towards all the points where la Penrase 
conld be supposed to have touched or to have been driven, after his departure 
from Botany Bay five years before, tlic expedition visited Tongataboo, one of 
the Friendly islands, and once more shajied its course towards New Caledonia, 
which was now reached from the northwest, is.ome idea of the incidents and 
perils of these courses may be conyeyed by a f&w passages of the admiral's 
narrative : " On the eve of onr arrival at New Caledonia, April 17, 1793, it 
blew a hard gale ; the atmosphere was thick, but not so dark as to induce me 
to lose a night oflf the Cape. I gave orders to proceed nndcr easy sail. About 
three in the morning it grew very dark, and tlu cries of numerous birds were 
heard near the frigate, an almost certain indication at that hour, of the neighbor- 
hood of land. Although day was not £eu: off, M. Herite, officer of the watdi, 
prodently decided to bring to, and scarcely had objects become distingtaishable, 
when a low coast presented itself to view ; an instant after it was discovered 
to be surrounded with breakers on which we should certainly have struck but 
for the precaution just mentioned; for we liad been making two leagues an 
iioar under topsails alone, closely reefed. This dangerous ledge was recon- 
noitred, and a special draught of it carefully executed. Its lengu firom north 
to south is from nine to eleven miles, and its breadth, east and west, seven to 
eight. We saw to the east of this reef two small wooded islands, witli a third 
larger midway between them : these wc have named the Beawpre islands"^ 



*The claims of M. Beautemps-Beaupr^ to a distinctioii of tliis Idnd were incidentallT 
recognized by the distinguished and lamented explorer, Sir John Franklin. Being on u visit 
to Paris, just before his departure on the expedition which was destined to so fatal a result, 
be called on M. Ikautemps-Beaupre, and, speaking of Yun Dicuiun's Land, of which Sir 
John had been govenior, learned from the lips of oar colleague that the l^ter had been the 
tint Qxplorar of the site on which now rieoB Hobarttown, the jcapital of the island. How 
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When his name was thus oonfSBnod, M. Beanlempe-Beoapr^ had been dailj 
p<wecating his labors for mor(> tliaii tu ontj OKHiths under tiie eyes of the 
admiral nvd his officers, and the testimonial 11U17, therafofe» be x^arded as the 
more deliberate and honorable, 

" The same day," continued the admirui, ■•at liuii after 1 o'clock, we descried 
New Caledonia* and in two hoars were a nUJe distant fi!om the reef on the eastem 
ooast of this great island, which seemed to he bordered by it, as the western 
coast had been ascertained to be in 1792. * * ♦ * As the entrance of 
the harbor of lialade, where I proposed to come to anchor, was only marked by 
an uiterruption of the reef which borders the coast, we foiluwed this reef ch^ly 
in order not to miss the opening. We reached the pass by 2 o*eIoGk» and a 
ftcrdsable taok gare ns hopes of gaining the anchorage^ when it was signalled 
that the other frigate, VEsperance, had struck." 

Happily the imperilled vepscl was safely extricated, and the two frigates finallj 
cast anchor very nearly at the spot when; Captain Cook had done in 1774. 

"The naturalists of the expedition rejpaired, April 2o, to the neigiiUocing 
mountains* and M. Beanpr6 asoended with th«n in hopes of discoTering the 
reefs with which the channels of Balade Itxe bestrown* and of fixing their positioii. 
The sea was discernible to the cast, west, and north, and the isles of Balabra, 
Reconnaissance, and many other points which had been entered in the maps 
of 1792 were r(?cognized. The positions of th«6e were determined by M. 
Beaupre with reference to the observatory of Balade, with the view of con- 
necting the trigonometikal pperalaons of this *year Vith those <^ iha preeeding 
one. From the top of these mountains the shelf which borders the other side 
of New Caledonia was perceived, and an interrnption distingnished, which, after 
renewed observation^^, seemed to correspond with that dis(>OYered the previous 
year in visiting the western coast." 

The expedition left the roads of Balade May 9, 1793, and soon after enoonn* 
tared the dangerons reefe which stretoh to the NW. of New Caledonia; these 
hdSTing been examined but imperfectly hy Cook, have reoeiyed the name of the 
reefs of d^'Emlrecastfanx. Twice, at the break of day, were the ships of the 
last-named navigator I'ound to have so closely approached this barrier, that 
there was barely room for the evolution by which they were extricated. Direct- 
ing his course northeastwardly towards the island <« Santa Cma, the admfod 
gave the name of la iiep&cficAe to an island in the vicinity of the former, whose 
mtitiide and longitude were determined to be, within but a few minutes, 11'' 40' 
south, and 1G4^ 25' east. Uiiriug the numerous courses made by the vessels 
in the archipelago of Santa Cruz, M. Beautemps-Beaupr^, favored by fine 
weather, succeeded in fixing the positioa of a multitude of points, as well on 
the pfinoipal island as its aeeessoriefl. 

According to the method which he had adopted for making his observations* 
and which has since become of general iis*^ , he first made at each station a 
drangbt of the coast, in which he indicated by letters or numbers not only the 
most remarkable objects, but wrote the measures ol' the angles observed, the 
bearings of dw points wil^ respect to one ano&er, the estimate <tf dtenees, &c. 
l%e dratigh4s,on which were to be wvitten the resabs of the observatione made 

much do I regiet," excluiuied Sir John, " that I was ignorant of tlio circamitauctjl I should 
liave bestowed your name ou the finest portion of the city." 

Captain Flinders, who, in 1801-1803, conducted an expedition "for the purpose of com- 
pleting the discovery of that vast country" to which he ^ve the name of Terro Australis, 
(afterwardfl cbangod to Australia,) and wljo published uu account of his voyage in two 4to. 
volumes, accompaoied by m atlAS, bears t^timony, m wctUin notes cotgravea upon the maps 
as in passages of the text, to <be accuracy of the labon of our collea^. In the introduction 
to the work it is said: "The charts of the bavs, ports, and arms ot the st'u ut the southeast 
end of Yon Diemen's Land, coustmcted in this expedition by M. Beantemps-Bcauprd and 
assistants, appear to combine scientific accuracy aakd minateneBS of detail, with an imoom- 
mou degree of neatness in the execution. They contain sope.of the fioett Jpcdmens of 
xoarine surveying, perhapst ever made in a new countiy*** 



Digitized by Gt) 



mmois ov o. f. bsiauteiepa-beaupbi!. 121 

on board, could not be token with too mncli rapidity, for it wob necessary tiiat 

. the ehip ghould not materially chanj^e its plaec rlnring the timf* of the opera- 
tion. The principal operations which serve as u foundation for th(^ charts con- 
structed by M. Beaupre are such as were executed either at midday, or Bimul- 
Uoieoiialy with tiie oDBerratiom of lioiary angles ; that k to say, at such times 
of oaeli day as the positfon of the vessel was determinsd by a^tixmomScal ob- 
servations and the chronometer. On these occasions he assembled around him 
the greatest possible number of observers, and ho had found or formed a great 
many among' tlic otl^ccrs of tlie frigate. Jui?i one minute before takinp^ the 
observations he made a isketch of the coaat under view, beginning with those 
parte of it iHiieh, being most remote, would undergo least c^nge of ontline by 
nason of the movement of Ibe sbip; tfaeiii preeisely at the moment wben die 
astronomical observations -vrerc taken, he measured the angular distance be- 
tween the object which he had designated to his assistants as tlie point of de- 
parture and one of the remarkable places of the coast, while each of the as- 
sistanta measnied the angular distance of tbe same point of departure from one 
of the otber objects embraced in the snnrey. The lesolts of these sfmiiltaaeoas 
observations were afterwards transferred to the sketob which had been made 
of the outline of the land. All the angular measures were taken with Borda^^ 
repeating circle. 

When the bun waa not too high above the horizon, one of the observers 
measured the distance of that bo£r from one of the remarkable points of the 

coast ; by means of the heights of the san obser\T>d at the same moment by 
M. de Rossel, and from the distaiice measured, M. Beauprd obtained the astro- 
nomical bearing of that point, whence he dedooed the bearing of all the pomts 
between which angles had been taken. 

Two compasses were always directed, during the observations, on the place 
chosen as a point of departure for the angles, and the mean of tiie bearings 
gtv^ by those instromenta was transcribed in the collection of notes, and this 
whether an astronomical bearing had been obtained or not. In tho first case the 
magnetic indication served to show the variation of the needle, and in the second 
to supply, though imperfectly, the absence of an astronomical observation. If 
eircnmstances, which, however, oeeoned but rarely, prevented tiie cooperation 
of a sufficient number of obBervers to tak» simnltaneonsly tiie angles of all the 
remarkable points necessary to be detennincd, M. Beauprd arranged seyeval 
circles of reflection, so that each obsf^rvcr might promptly tnico two or three 
angles, without being obliged to write them ou the spot; and these observations, 
made with a rapidity proportionate to the cxpcrtness of the observer, were 
fimnd to agree almost as exactly as tSiose made shnnltsneously. 

M. Bcaupr6, who drew the chart with as mndi fiieility as ezaotness, Ibond a 
marked advantage in embodying the results observed as promptly as possible, 
• for he had then all tho circumst^ces of iho ol^ervations present to hi« mind. 
It was not seldom that he was enabled iu tins way to detei't and remudy inad- 
vertencies committed in writing the angles measured. The precision of his 
graphie constroctions ever rendered it praeticable for him to verify, and som^ 
times to correct, with great probability, the positions of the ship, determined 
several times a day by astronomical observations, oombuied with the indid^ 
tiona of chronometers and the estimate of conrses. 

The means of verification resulted, in part, from the fact that the observa- 
tions of ^Kih station ^ave him a series of visnal lines, springing essentially &om 
the same point, and forming known angles, whether with one another or wHli 
the astronomic meridian, or at least with tiie magnetie me^dian, itself deter- 
mined by an observation made at nearly the same time. They resulted, more- 
over, from the circumstance that all the visual lines directed from diti'(!rent stations 
ou the same object, such as a cape or a mouuiaiu, must, on the drau^lit;, intersect 
one another at the representation of tto objeet When, at the first toal^ tfaesedtt 
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not meet) a eeries of approximaticms tending to modify in an admissible degtee 

the position of the ship at the different stations ^nfHced to establish tho neces- 
sary junction. The approximatious in question might be made with atili more 
rigor by calculation, and one of our most scientific by drographers, M. de Tessan, 
has even shown that the method of least s^naies is here applieable;'*' but M. 
Beanpr^ adhered generally to the graphic method, which he employed with as 
much sagacity as precision. 

The application of this rigorous method fixes the position of the principal 
points of t he chart about to bo constructed, as the tops of mountains, capes, &c. 
The detail^:, such as the outline of coasts, course of rivers, &;c., are afterwards 
described with such degree of precision as time permits ; and when a sojourn 
of some duration renders it practicable to add the soundings taken at sea» as 
was the case in ren^ard to the straits of d'Entrecasteaux and other pnrts of the 
coasts of Van Diemen's Land, the positions of the points of sounding are fixed 
by reference to the principal points determined by the bearings, in accordance 
with the methods whidi will be presently indicated when we arriTe at the 
hydrographic surveys of the coasts of France. 

The bearings taken from the 19th to the 23d May, in the archipelago of Santa 
Crtiz, enabled M. Beauprd to give a remarkable proof of his skill in applying 
these processes, which were then new. Faithful to his method of constructing, 
day by day, the chai't of those parts of coasts which he would not again see, he 
devoted the night of the Slst to describing the details of the south coast of the 
island of Santa Cruz ; that of the 22d was similarly occupied with the north 
coast; and, the ships sailing on the 23d for the Solomon islands, lie applied 
himself, as soon as the land was lost sight of, to the definitive reduction of his 
chart. This, like all the rest belonging to the voyage of d'Entrecasteaux, was 
constructed on a scale of three lines for one minute of thd equator ; and as it 
presented, for the discussion of which we have been speaking, nearly all the 
cases to be met with in practice, M. 6eaapr6 has caused it to be engraved in the 
19th plate of the atlas, with all his lines of construction, as an example of his 
manner of operating, and it is here that ho has explained his method with de- 
tails at which we have only been able to give a cursory glance. They may be 
seen in the appendix relative to this sulnect at the end of the fmt volume of ' 
the vovage of d'Entrecasteaux, an appendix which has become the vacZe-ffiewm, 
and, ii I may so speak, the cateckum of the constructors of marine charts. 

In reducing to rule, and in practicing his method, M. Beaupr^ fulfilled the 
most cherished wish of the sciuniiiic hydrographers, who, at .the close of the 
eighteenth centuiy, employed themselves with the means of giving to nautical 
science the precision oi which it is susceptible. Borda, after having placed 
in the hands of navigators the repeating circle of which they stiU make 
use, had recommended its employment in preference to the compass, which 
till then was exclusively relied on for surveys executed at sea. Flurieu had 
equally .recommended astronomic surveys. For naturalizing these scientific 
processes in the practice of hydroj|raphy, it was requisite that some engineer of 
a peeuHar aptitude should devote nimself with energy and perseverance to the 
application of the new instruments and rigorous geometric methods adapted to 
the accurate measurement of angles. M. Beaupre proved fully equal to tliia 
honorable mission, and, thanks to his unceasing efibrts, the voyage of d'Eutre- 
casteuux inaugurated the opening ol a new era — that of precise hydrt^raphy. 

Like all other branches of human knowledge, hydrogi-aphy has biMn advaneed 
by degrees. After tiie invention of the compass, so far surpassed at a later 
stage by new instruments, the discoveries of Christopher Columbus and of 
Yasoo de Gama gave ideas a wholly new direction. Subsequently the adven- 



* See Voyage autour du Monde, par le frigate VetnUt comnUHidte par M* Abel Dl^efttt 
l^uars: Fhysique, par M. de Tessan, t. v., p. 238. 
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toroiiB cSremniiaTigationB of the HageDaiui, HendaliaB* Draikes, Tumans, and 
Dampiers* made known the prindpal outlines of the two oceans, but with very 
imperfect cxactneFS, as may be perceived from a j^lance at the ohl globes which 
are t^t'iW oi iVequent occurrence in FariB. Thatf according to the happy exprea- 
biou of M. Villemain, was the heroic age of the navigation of discovery / the 
modern Argonaats went forth in their search for the golden fleece with an ardor 
little ^Torable to systematie exploration, and which yet did not prevent them 
from overlooking the rich auriferous deposits of California and Australia. 

Towards the middle of the eighteenth century, after Buflbn had published his 
Nalural History^ the tiiBte fur voyages was revived under a form eveu then 
much more scientific. In the course of a few years we see Byron, Carteret, 
WaBJa, traraae the Padfie oeean, and make tljiiB tour of the world. Oook is 
Bent to Tahiti to observe, June 3, 1769, the passage of Venus over the disc of 
the sun. He makes two other important voyages, and after having traversed 
the Pacific in all directions, and penetrated into the frozen regions of bntli poles, 
frills in 1779 beneath the weaponB of the natives of the Sandwich islamic. Cook 
rcmaios the principal figure and characteristic of this period \ but had fato per- 
mitted the instractions given to la Peionse to have been completely carried 
out, the voyage of this last would, perhaps, have afforded the best example of 
what it was possiblo ta accomplish with the hydro^aphic methods then in use. 
These diflferent enterprises made known almost all tlie lands and arcliipelagos 
with which the ocean is strown, and furnished charts which already presented 
their general form widi a great degree of fidelity. 

Xiast come the kydrograpMe voyages of precision. If the erpedition of 
d'Entrecasteaux offeis the fiist example of them, the voyage of the Coquille, 
executed under the command and published under the direction of our distin- 
guished colleague, Captain Duperrey, must, perbaps, be regarded as the most 
perfect type of this chibs of enterprises. To the same class belong the ulmuat 
too hasardons voyages of Sir John Boss among the ices of iAte antarctic pole, 
and those not less daring of H. Dumont d'Urville. 

The hydrographic study of the archipelago of Santa Cmz, which retained 
around M. Beauteraps Beaupre some of the most skilful officers of the frigate, 
did not so exclusively occupy the attention of Admiral d'Entrecasteaux and 
other chiefs of the expedition as to divert their attention from the main object 
of their mission, which was to seek fbr traces of la Fteronse. They constantly 
comniimieated with the shores, questioned the natives, examined the objects in 
their posscsBion, and observed, among other things, piece of iron fi'om the 
hoop of a cask, set as a hatchet ; but no one then Buspected that there was here 
a vestige of the expedition of la Perouse. The admhal hofl minutely recorded 
the reasons why no importance was attached to the eireomstance. 

Keverthcless the chart of the archipelago of Santa Cmz presents, in its SE. 
portion, an island on which by a rather singular chance the admiral bestowed 
the name of la Recherche, after that of bis own frigate sent in search of la 
Perouse. "We took the bearing of this island, says M. Beautempf?-Beaupr^, 
tor the ilrst time from our point of station at 20 minutes after 9 o'clock, 19th 
Hay, at a great distance. At noon, the same day, we again took its b^uring, 
and then lost sight of it." Situated at the sontheast extremity of the archipel- 
ago of Mendafia, tliis island has been in like manner seen and lost sight of by 
not a few other navigators in whose track it lay, and who little imagined that 
la Perouse and his companions had paid with their lives for the honor of having 
previously discovered it. 

Thus two years earlier than d'Entrecasteaux, Oaptai^ Edwards, commanding 
the English frigate Pandora, had hoovered, August 13/ 1791, this same island 
which he had named Pitt islan d, and had sailed around it? sonthern shore with- 
out suspecting that it concealed the remains of a world- unowned shipwreck. 
Thirty years later, in 1823, Captain JJupcncy, among vvhoac uiiiccxii was M. 
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Diimont (I'Urvillc, passed in the corvette la CoquHlet 2d and 3d August, ai 
abqut half a dcp^rop to the VV.SW. of the island. Strong eastwardly winds 
prevented him liom approadiixig nearer, but he took numeroud bcaringti whidb 
ierved to rectify the position of 1^ iakud* and ikexi obeyed widioul thoiu^ 
the wind whidi boie mm «ir«y firom it, having himself no reason for anppMuag 
tiiat this obscure spot presented any trace of the expedition of la Perouse. 

Yet the veil was about to be withdrawn. Four years after, in December, 1 S'i7, 
and January, 1828, M. Dumout d'Urville was lying with the Astrolabe in ihe 

Sort of Uobarttown, situated iu those parts of Van Diemeu's Land which MM. . 
'Entreoaateanx and Beaatemps-Beauprd' had aiirveyed vith so mxuk caie vhfle 
they were atOl deaart. Haee xeporta xeadud Mm, vague indeed, and even eon* 
tradictory, respecting a surprising discovery made by Captain Dillon, com- 
manding an English vessel, engaged in commerce. This mariner, it v/is said, 
had acquired authentic inibrmatiou relative to the shipwreck of la Pcrousc, and 
had even brought away the handle of a sword which he claimed to have belonged 
to that celebnSed navigator. 

Notwithstanding the slight authority for these reports, M. Bumont d'Urville 
thought himself justified in modifying the route which his instructions traced 
for him. He touched, February 10, at Tikopia, where he found among the 
natives a lascar named Joe, a sailor and native of Calcutta, who was the same 
lhat had sold Hm awofdrhrndk to Captain DiDon. Thia man, after a Hlfle 
lieaitation, acknowledged that some yeaia before he had gone to the Vemibm 
ides, which Bxe no other than the gronp of la Recherche^ where he had seen 
many objects belonging to the vessels of la Perouse; that he had beoTi then 
t<:ild that two verjr aged whites .were still alive, but he himself had not seen 
thein. 

The next dar, Fehroaiy lit 18S8, the AiOrUabe sailed for the Vandkofo 

islands, situated, aeeording to tlie natives, abont forty leagues W.NW. from 

Tikopia. The vessel came to anchor, February 14, at the place of its 
destination, and remained till the 17th of Blarch. M. Dumont d'L'rvillc, being 
^uite seriou^y iiidispobed, could not q^uit the corvette, which, besides, was, in 
more than one respect, not considered m entire safety ; but, after having intefr 
rogated the Aatives, he despatched In ancoession several pakiea commanded hr 
responsible officers, with whom he associated his fiuthful surgeon, M. GaiaiaM, 
whose recent death has been anew occasion of sorrow to the friends of science. 

The chain of reefs which, at a distance of two or three miles, forms an im- 
mense girdle ai-ouud Vanikoro, closely approaches the southern coast near Paiou, 
in front of a place called Amhi. Here it is hat amile off, and it was here that, 
on a first visiti, die native who preceded M. Jacquinot stopped his canoe in an 
opening between the breakers, and made a sign to the Frenchmen to look be- 
neath the water. There, at a depth of twelve or fifteen feet, were clearly 
distinguishable, scattered here and there, and imbedded in corals, anchors, 
cannons, ballets, and divers other objects, especially numerous eheets of lead ; • 
the wood had eEotirely disappeared. The poaition of the anehon seemed to in. 
dicatc that four of them had sunk with the ship, while two others had probably 
been let go. On a second visit M. GuilLert succeeded in withdrawing from the 
reefs the following objects : An anchor of about eighteen hmidred pounds weight, 
without a stock, much rusted and covered with a crust of corals apparently from 
one to two inches in thickness ; a cast cannon, likewise covered with cozaJs, and 
so much oxydiaed thsit the metal nadilj yielded nnder the hammer j a small 
swivel of brass and a blunderbuss of copper in mnch better preservation, one 
bearing on its trunnions 54S as its number, and 144 as its weight; the other 
286 and 94 for its number and weight respectively, with no other marks ; ^a pig 
of lead and large sheet tii the same metal, together with some fragments of por- 
celain. The xsBUdas ui a ketlie had been pceviously procured al Naoia* a vil^ 
iige of thaiCoaBL 
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The fpUowiiig is ibe ttmomit of the information obtained from the natives : 

About fort}' ycarp pro%noiis to 1828, (whirli would carry ti.s Lack to 1788, llio date 
of la Pcrousc'ri disappciirancc,) ono moniiiip^, at the close of a very dark iii;^^ht, 
during which the wind blew with violence from the SE., the islanders suddenly de- 
Miriea<m the sotiiheni cooat» opposite tlie district cfTaa&mth in eaoaaouB pirogue, 
stranded upon the reefii. It waa rapidly demolifllied by the vavest and so en- 
tirely disappeared tbat nothing was ever recovered from the wreck. Of the 
persons who manned it a few only succeeded in escaping in a boat and gained 
the shore. The following day, likewise in the morning, a second pirop^ic, 
similar to the hrst, was discovered on the rocks before Pajiou ; where, in the 
lee of the island, and leaa raeked by the irind and sea, stranded moreover on a 
Ir\ (1 shelf of twelve or fifteen feet depth, it remained some time iu itn position 
without being destroyed. This, Kke the first, bore a white ensign. The 
strangers who m^mncd it landed nt Paloii, where they established thcmsclveg 
with those saved from the other ship, and immediately set about constructing 
a small vessel from the fragments of the ship which had not ^one down. Their 
task was completed in six or seven moons, and, as most of the savages averredf 
all the strangers left the island. A few, however, declared that two remained 
behind, but tliat these bail not lon*^ survived. 

M. de i'romelin, who also visited these shores in 1S28, on the corvette la 
BayonnaisCt and who had doubtless heard of the discovery of the English Gap- 
tain Dillon, ascertained bv examination the exist^u^ of the remains of the 
Frenofa frigate on the reefi of Yanikoio. 

It %N as a source of regret to M. Bnmont d'UryiUe that he had not been able, 
in 1828, to visit in perfion the place of the shipwreck; hence, when on a last 
and memorable expedition he traversed anew the great oceon, lie caused bis 
ships, the Astrolabe and the Zelee, to lie to, Gth November, ib iS, near the 
of the aouthfltn shore of Yanikoro. Landing in a sea too rough to admit 
f stoppnig on the reef, he discovered a space cleared of trees, which appeared 
to him to have been the spot where the parties from the wreck had pitched their 
camp. Near it he ob>«orvod a large cocoa-nut tree which had been deeply cut 
around tlie trunk at two luctres above the «^ound, besides other traces of the 
use of the axe at a remote date, but beyond this ho noticed no ne\^ indications. 

The two frigates monnted with cannon, which conld be none bnt those of la 
Perouse, for no otheis were known to have disappeared in these seas, had ' 
doubtless cncounterccl, but Avith more adverse fortune, casualties similar to those 
which befell the fric^rttos of Admiral d'Entrecasteaux ; of which one was near 
being lost on the Bcuiipre islands at the time of their discovery, and the other 
stcndL on a reef of aoophy tes in the pass which forms an entrance to the haven 
of Balade, bnt was fortniMtely extricated. 

It was not an impossibility that the remnant of the crews of la PCDonse should 
be saved in the bark which they had constructed, and on wbicb they put to sea 
about the close of the year 1788. In fact, tbo English Captain Bligh, of the 
ship Bounty, abandoned in the midst of the South sea by his revolted crew, 
in an trndedsed shallop only twenty-two fbet in length, passed, 18th May, 1789, 
about fifty leagues to tih^ south, and consequently almost within sight of the 
isles of Vanikoro, and succeeded, May 29, in reaching the coast of New Holland 
at the south entr nice of Torres' straits, whence they made their way to Cou- 
pang, in the island oi Iimur. True it is, as ap;.(!ars from the romantic narrative 
of his adventures, that not to have perished a hundred times was due only to 
tke i^ost astonishing good Ibrtnne. This fortune was denied to la Peiouse and 
his companions, though the boat m which they left Vanikoro but a few months , 
before was no doubt larger and better appointed than that of Bligh. 

In similar circumstances many others have succeeded iu being saved. In 
reading the stirring recital of their various perils, we readily perceive that in the 
fote of la Pcroiise there is nothmg enigmatical ; nor can the conclusion escape 
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US that the expedition of d'EntrecMteanz mast have hesa condaeted witli as 
much abilitj as seal, when we see on the u t of the archipelago of Santa 

Cniz, by M. Beautcmps-Beauprd, two of the Hues of survey directed by him 
upon the island of la Recherche or Vanikoro, raoet precisely at the ppot where 
still lie beneath the waves the anchors aad cannons of one of the frigates of th& 
illitatrioua and unfortunate navigator. 

The ahipB of d'Entrecasteaax continved In Bight of the island la Reckerehe 
almost the whole of the 19th of May, 1793. BesideB ike instruments of the 
, ?nr\'ey, tlirrc was no (hificioncy of tek-sropcs pointed towards tli(! land, through 
wliicli. if signals after the Europoan manner had been made, the piercing ey&A 
of Bome uf the mariners could not fail to have descried them. But the survi- 
Tora of the wreck were donhtlesB long departed or dond when the expedition 
pasfled» which was not till five jean after the disaster. As to finding under 
the waters of the sea the rmains of the shipwreck, that would have been a 
stroke of good fortune such as feems in general not to have attached to any- 
thing connected with the expe<lit!ou of la Perouse. Perhaps, however, d'En- 
trecasteaux might have bad that melancholy satisfaction, if his officers had 
paid more attention to the piece of iron,moQnted as a hatchet, which waa^aeem 
in possession of the natives of Santa Cms, for it had very possibly been pfO» 
cured from the remains of the wrecked frigates. But who will venture to 8ay 
that in their circumstances lie would himf elf have divined it. 

However that may be, the hour had now come for the departure of the ex- 
pedition. Sailing from Santa Cruz it pursued its prescribed course, and thus 
separated itself more and more from the principal olject of its research ; yet, 
thanks to the indefatigable zeal of M. Beantemps-Beauprd, it continued to ren- 
der eminent servirr to hydrography. It traversed the archipelagoj^ of flie Solo- 
mon and Louisiade groups, the coasts of New Britain and New Guinea ; but a de- 

Slorablc' incident awaited it on these obscure shores. Admiral d'Entrecasteaux * 
ied Jaly 20, 1793, after a short illness which presentedsome of the 83rmptora8 of 
Bcnrrj. The captain of the frigate PEtperemee had already fallen a victim 
to fever in the port of Balade. Very soon scurvy and dysentery had decimated 
the crew? which left France in 1791, whUe the loss among the higher officers 
divided itself with impartial severity between Paris and Coblentz. Not that 
there was any jiuspcusiou of the uurveys, which continued to produce excellent 
charts, hnt a feeling prevailed that it was time to desist. The two frigates 
were turned towards the island of Java, and entered the port of Sourabaya, 
where the voyagers learned that the day of their arrival was not only October 
87, 1793, but, at the same time, the 6th Brtimau-c of the year II. 

The expedition was here broken up and its diftereut members returned sep- 
arately to £lnrope* In his passage, M. Bcautemps-Beaupre btouped some time 
at the Cape of Good Hope. He had pesenred the minntes of bis charts* bnt 
the fairly exeented transcripts, with other scientific documents collected by die 
expedition, were captured on the return by th(! Englisli, by whom, however, 
they were restored at a later period. Yet, to avoid the ]iossibility of their dis- 
appearance, he employed the tune of his stay at the Cape in makiug a new 
copy, which his friend M. Benard, chief sm^n of the expedition, undertook 
to convey privately to the representative of Fianoe in the United States of 
America. He himself embarked on a Swedish ▼essel* whidi landed him at GK>th- 
emhourg. wIm v ]\f. Fournier, JB^rench consuls procnred him the means of 
re-cntcriug ins own country. 

^ Arrived at Paris August 31, 1796, after an absence of five years, he rejoined 
his excellent friend M. jF^lenrien, and resumed, nnder his direction, the prepara^ 
tion of the Neptune 9f ilie Baltic aea, being at once named hydrographic engi- 
neer of the first cla?3, and under-keeper of the general depot of the marine. In 
179S the editing and publication of the chart?? of the voyage of d'Entrecasteaux 
were otficially confided to him. This great performance, which did not appear 
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till 1808, was a work of prolonged execution, but the co-operation which he 
gave it did not engross him exclusively, and from the 20th July, 1799, to the 
S6th Jtmei 1804» ho waa chaiged in efaidfwith making the hydrographic survey 
of the course of the Scheldt, and with a suceeSBion of other hydrographie mis- 
sions relative (sitlier to the Scheldt or to the coasts of the North sea. 

Admiral ilosily, director of the depot of marine, being designated at the end 
of the campaign of 1802 to make an inspection of these labors, informed himself 
of the metho£ feUoired by M. Beanlempfl-Beaupr^, aa veil in fixing the poei- 
tions of ahoak and of aoundinga as in the construction of the plan. He gav^ 
his complete appzohation to these methods, which consisted essentially in. the 
combination of the accurate measurement of angles by means of the circle of 
reiiectiau, with the employment of the geometric principle of the problem of 
three points," a combination whose application to submarine topography is one 
of die best titles of M. Beantemps-Beaupr^ to the respectfol eonsideration of 
hydrogmphers. 

In 1804 the Nautical Description of the Coast of the North Sea from Calais 
to Ostend was published under the auspices of the depot of marine. This work 
gives in detail the description of the shoals which obstruct the port of Dunkirk, 
and of those which are comprised between Dunkirk and the entrance of the 
Seheldt, as well as the nautical instractioiiB necessaiy for mariners who freqnent 
those shores. The chart which accompanies it was reproduced at the hydro- 
graphical office of London, with an Englisli title, as having been executed by 
Admiral Beautemps-Beau])r(3 ; for the Enj^lish were not slow in ascertaining, 
' though a little vaguely, that under that name there existed a hydrographer 
worthy of the highest confidence. In the following years M. Beantemps- 
Beaiipr^ explored the eonrse of the Scheldt, till then bnt little studied, and» for 
^ the mst time, demonstrated the praeticability of the ascent of that river by 
ships-of-the-line as high as Antwerp, an indication which furnished a basiB for 
the plans of the Emperor at that point. Charts of minute detail embody the 
results of these labors, before the termination of which M. Beautemps-Beaupr^ 
was advanced in his position as hydro^raphieal engineer and officer of the 
marine, and was named (August 6, 1804) a member of the legion of honor. He 
hMl by this time, indeed, become pre-eminently the hydrographer of th(3 Em- 
peror Napoleoin, The latter, when a city or department required an important 
and difficult construction, was accuti^tomed to Bay : " I will send Prony thither.** 
When the matter in hand was the elaboration of one of those great projects 
which he had so jnstly at heart for the xe-estabh'shment of onr maritime power, 
he sent, without saying anything, M. Beautemps*Beaiipr^. 

After the campaign of Ansterlitz and the peace of Preshurg', the views of 
the Em})eror were turned toNvards the coasts of Dalmatia, of which tlic numerous 
inlets and islands, with their 8tee|) banks and deep channels, present m;igni(i- 
cent harbors, equally sheltered trom the wind and the enemy, and of great 
importance to the Venetian marine. M. Beantemps-Beanprd received (Febmaiy 
6, 1806) an order to make the hydrographic survey of the military ports on the 
east shore of the Gulf of Venice. To thi.s object he devoted three campaigns, 
in 1806, 1 608, and 1809. lie took plann of the whole coast from Trieste to the 
mouths of the Gattaro, embracmg the port of Pola, and the still more magnifi- 
cent one of Calamota, near Bagnaa. The plans and surreys of coasts which 
he execQted liave been published on a reduced scale, but the admirlbly drawn 
originals remain one of the ornaments of the depot of marine. 

After the battle of Wagram he was sent by General Maureillan, governor of 
Zara, to the headquarters of the Frencli army at Vienna, as bearer of a conven- 
liou of armistice relative to Dalmatia. He received, on this occasion, from the 
hand of* the Emperor, the decoration of the iron crown. Being ordered to 
report himself, with hia charts, to the minister of marine at Paris, he had 
WMuedy amved at that citiy when he was named member of a oommisBiott 
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okargcd wHh chrM lelating to militaiy operations on the eoaat of ZeaUuidf 
irhero the English had made a descent. Recurrence to hun was the invarial4e 

rule ill evcrythiii*:^ bearing on the nfiairs of the J?chcldt, and in the intervals of 
hie laborB in Dulmatia he had hc< ii r( ])c at< dly rc^uii'cd to reiuin thither. His 
indefatigable activity^ was equal to ail demands. 

A new pha«e in hie life now opened to him. The death of his renenhle 
flUiBter'ana iricnd, M. de Fleimen» had left a place vacant in the fiist class of 
the Institute in the section of geography and navigation. M. Beautemps-Beao- 
prd coiiFentcd, 'vvitli mnch distruFt, to become a candidate. To make the report 
on bid titles to a nomination I'ell to the lot of M. Arago, -vvbo, observing the 
uuxiiber and variety of hit> labors, &aid to hiui : " You must have lived a hundred 
year* P* He had liWd, however, hnt forty^fonr, and was nominated, Sq^mber 
24, 1810, by a large majority. One of his princiijal competitors was Admiral 
de Bosily, director of the depot of marine, his official chief and constant friend. 
The tran.<ient rivalry produced no change in their fccling.s or relatione. In our 
peaceful couteatcs, he who loses to-day frequently Buccceds to-morrow, and the 
merit of one aspirant places in higher relief the m«nts of others. Admiral 
SosOj was himself «n oydrographer of mneh ezperienee and great knowledge. 

1787, during the voyage of la Ferouse, he bad executed, by order of ttie 
King, on the frigate Venus, which he commanded, the hjdrographic recon- 
naissance of the lied sea. In 1816, zealously supported by M. Beautempe- 
Beaupro, he, too, became a colleague of the Academy in the section of Ixee 
aiBaideipi<?iMi#r 

In 1811 the empire had been extended as ftr as Hamburg and Lnbeek. IC* 

Beantemps-Beauprd, who, at the beginning of his career, had labored on the 
Baltic Neptune under ]M. hleurieu, was now charged with the hydrographio 
exploration of i\w northern coasts of the empire beyond the Scheldt. From . 
1811 to 1813 he made a series of surveys iu the departments of Holland, aa 
well as at the months of the Ems, the T?Veser, and the Mbe, in view of the estab- 
lishmelit of a great military port. The decifiion, founded on his investigationi^ 
being in favor of the Elbe, he was charged with the selection of the most 
favorable Fitc on the left baok of that dver, and made a complete hydrographie 
Bui vey of its course. 

In 1815, during the hundred days, the Emperor, at a reception in the Tail« 
Isries, stopping abruptly before M. Beaatemps^eanpitS, said to him, with an air 

chagrin : " Wc are still very far from the JS/Ae — and yourcJuirts ?" " Sire," 
replied M. Beantemps-Beaiipre, ** 1 considered it my duty to send them to the 
United States by an American vessel." It is ivcil,'' rejoined the Emperor, 

Satified at recognizing in this trait the man who had been the confidant and 
Itbfnl instrnmefit of his great designs. At a later porbd the charts weio 
remitted to the government of Hanover, and M. Beaatemps^Beanpi^wasnanied 
a member of the Itoyal Society of Sciences of Gdttingen. 

Justly honored for so long a series of services, he might have now resigned 
himself to a well-earned repose, but his was not the temperament for such an 
iudulgeuce, and at an age when many think of closing their career he com- 
nunoed a new one. Since his return from the Cape' of Qteod. Hope in 1796, 
he had been unable, bjr reason of the war, to extend his laborer beyond the 
waters closed to the enemy, and, with the exception of his exploration of the 
coasts of tifc North eea, aft*-r the peace of Amiens in 1802, he had been obliged 
to confine himself to mma of tiie rivers of Germany and the equally protected 
inlets of Dalmatia. The return of peace again made the ocean free, and the 
opportunity of revisiting it was seised withtSacrity by M. Beantemps-Beaupre, 
for wliom it seemed to revive the brightest days of his eaily manhood. 

A liniral llosily, director of the depot of marine, had the merit of imme- 
diately comprehendinir \vbat the occasion required and allowed, and Lonis 
XV III that of enteiiaanmg his proposals with favor, notwithstanding the em- 
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loTBSBBiQiitB of tb« (jmeB. The ordinance directing &e Immediate prepani- 
tioo of the pihi of the coasU of France was signed June 6, 1814, but the labor 

conl l not be commenpod till 1816. By an ordinance of the former dato, M. 
Bcautempp-Beaupre waa named liydrographic engincer-in-chief* and joint 
k^er of the general depot of the charts, plans, and journals of the marine. 

The condition of French hydrography at that time was an anomaly reBnlt> 
bg from circumstances. The administration of Louis XIV had occupied itself 
with the li ydiogr.'iphy of thf; coa?t3 of France, and the eiiginct r Lavoye had ' 
execut( d, about 1670, charts of the coasts of Brittany whicli were quite passa- 
ble, or at least very much superior to those which represented the parts of the 
toast comprised between the month of the Loire and the shores of Spain. A 
emtmy anerwards, in 1776, the government ordered a hydrographical recon- 
Bftissance of the ooasta of France under the superintendence of la Brettonniere* 
captain in the navy, and Meclmin, astronomer for the marine and member of 
the Academy of Sciences; but it would seem that those di8tin2:nishf d jmrson- 
agea were rather charged with the collection of materials for rectilying the 
errors of the old charts* than with the execution of snch a detailed and com- 
plete snrvej as might meet the M'ants of the service under all circnmstancei. 
There remain in the archives of the depot of marine but few documents rela- 
ting to their opezadons, which extended, however, from Dunldrk to the Bay 
of Oancale. 

Since that timo geography had made iu Franco important advances with 
which hydrography had oy no means kept pace. Before the close of the 
df^teenth century there were geographic charf^ of a ^reat part of the globe, com* 

petent to convey a general and Kufiie-icntly })rcci!^c irlci of tlic continents and 
seas. France particularly had been enriched with the map ot Cassini, known 
also by the name of the map of the Academy, a work of great merit for tiiat 
4iaie in point of execution, and of great utility. It may bo said, howevef, with 
tnith, that towards the end of the last and in the first years of the present cen* 
tary, the art of constructing geographical charts received improvements hy 
which it was essentially revolutionized. This ameliorntion wap confoqnont 
open the establi:slinu'nt of tli*' ni<'rric f^} .-<tem, which had necessitated the :iie;is- 
ftrement of the meridian of ± ruuce, from Dunkirk to Barcelona, and al'tei warda 
to F<»mentera. To the chain of triangles established in the execution of tlua 
Beasurement a comprehensive triangnlation was subsequently attached, ex* 
tending over the whole of France, and in the sequel over considerable portions 
of Spain, of Italy, and of Great Britain. In the prosecution of the«e vant and 
difficnlt labors several members of the Academy have borne a conspicuous 
part: MM. Delambrc, Mechain, Biot, Arago, Mathieu, Puissant, in conjunc- 
tion with most of the members of the corps of topographical engineers and 
BQodry officeni of the mOitaiy staff. On the triangles of the meridian has been* 
Wed the trigonometric system of the new map of France, published by the> 
depot of war. In England, savants of the highest merit, Colonels Mudge^^. • 
Hoy, iSabine, and the most distinguished oiticers of tlic ordnance corps, have- 



* It may occ(^<iiuu surprise that M. Beautemps-Beaupie, employed and appreciated iia bo 
*'as by the Emperor Napoleon I, should have retained till the title of ingmitur-hydro" 
t^tphe ordinaire ; but this will be more easily understood from the following letter written 
July 20, idl^, by M. U due Decres, who had been minister of the marine under the empire: 
"All the world appreciates the serviceii remlered by M. Beaatemps-Beaapr^ wiih a zeal, per 
Mverance, and talent above all praise; but I, who bttve maintained close relations with bim 
fcriRttiiy years, cannot but n -^aid hint with sinoere attaehnient, and owe him many thanlcs 
for the proofs of friendship which he has always given me. There are peisous wlio, withoui 
(itt l«aM elftim, are always soUci^ng • those are numerous. There are others, forming bat a 
null minority, who, with the moet inoooteetable claims, never solicit anything. The faet Is, 
that (luring the eigliteeti years of my officia! i f I itiona with M, Beantemps-I>eaiipr6, ho n !isc 1 
not to occupy my attention by lus labors, but never onoe invoked it by a »ollcitation. tiincat 
lefbigili iSnMlf; it is hot light that justioaandfilHidihip fhonld NnMahoK him.!* 
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combined tlieir operations witli those of otir ovm coiintrymcTi, and have com- 
meticed the pnhlication of a magm&cQot chart of KnglaacU deaigAatod by tha 
name of the Ordnance ]\lap. 

To place Firanch hydrography on a with geography, while rw«iuii|p 
it from the momentary abanaonment which war had neoesaitated, was now the 
object of interest. The instructions which M. Boaatemp^-Beaupre reeehred 
for this purpose were frnmcd by Admiral Ro«ily, chief of (he marine depot, 
and M. do Rossol, who had become one of it.-^ joint directors, after liuvinjr aidt^d 
iu the hydrographical hkbore of the ezpeditiou of d'iiiutrecastcaux. These iu- 
BtructionB indicated tixe iieat coast of Trance as first cleimiu^ ittentien, sinoe 
among all those to whose hydrography navigators had need of daily reettr* 
reuce, this was most noted for its defect of exploration. It was to Brest, 
therefore, that M. BeaiitempH-Boaupr(5 repaired, and hero two schooners had 
been built fur hiai, whosie names, la Hecketche and V Astf olahei gratefully re- 
called the memory of la Ferooso and d'Entrecasteaux, To these were joined 
the b'ght vessels necessary for the accomplishment of his mission. 

In indicating the objects proposed for nis attainment, he was left at liberty 
to ridopt that mode of operating which long experience In labors of this natnre 
mij^ht induce him to select. Ho thus found himr^elf authorized citlier to unite 
all the meauB placed at his disposal on a small extent of coast, iu order to pro-, 
dnce promptly a description of it, or to dislribnte ^them over aeveral points 
the same time. 

The first was the mode on which he determined ; as well i^canse he hmSi 
already proved, as he himself tells us,* its efficiency under various circum- 
8tancci^,as bccautsc it was the only one w hich would enable the depot of marine 
to publi>li in succession the collccLive results of each campaign. By concen- 
trating the operations of the engineers aueeessively on small extents of-oom^ ii 
was in his power to verify in some measure daily the labors of eaeh of his na- 
sistant?. TIiu.^, for inntatice, when an engineer, in sounding', encountered some 
obstruction w hicli had escaped former researches, he gave notice of it, and M, 
BeauLemp:^-Beaupie was iu a position to make a personal investigation imme- 
diately. To thiti mode of operating he owed the advantage of being able to 
combine all his means at the same moment on a dangerous position, when tiio 
weather \\ is &vorafale* In this way he has often succeeded in terminating in 
a single day, or even a few hours, the examination of dangers situated far in 
the offiug, tli(» description of which would have required tli(^ (employment of an 
isolated. engineer during a whole season; of this kind were the reconuaissauceit 
of tiie western extremity of the bank and race of Seio* the flats of Boeb»- 
Bonne, &c. 

The years 1816, 1817, 1818, were exclusively devoted to the survey of the 
maritime por»ition of Brest, and its results, forming the first part of the PiloU 
F'cirt^ais, were published in 1822. The operations of 1819, 1820, 1821, and 
of the iirst part of 1822, embraced the survey of that part of the western 
coast of France comprised between the point of Penmarch (Finistene) and 
the ibIc of Yen, (Vendee,) and furnished the materials of the second part 
of tin; above work, published iu 1829. From 1S22 to 1826 the survey was 
extended to that part of the coast comprised between the isle of Yen nnd Spain, 
and its results appeared as the third port in 1832. In 18^9 the lourth part 
was given to the world, represmting the labors of five years from 1829 to 1833, 
and embracing a deseripiion of the coast between the isle of Brehat and Bar- 
€eur. In 1834, 1835, and 1836, the operations were extended from the latter 
point to Dunkirk. Finally, in 1837 and 1838, tbo survey was made of 
that portion of coast comprisod between the ii»le of Brehat and the 
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umOnan rocks of the Ptama^e da Four, (Finiaterre,) where operations Itad 

stopped in 1818, and thus were completed the matorials for the fiftli and eixtll 
parts of the Pilote Francis, which appeared in 1842 anrl 184 4. The six 
atlases contain twenty-one general charts, sixty-five special charij*, thirty-one 
plans of double elephant size, fifteen of half elephant, and fourteen of quarter 
elephant sise, two nundred and aeventy^niiie tables of surreys tak^ of tiie 
principal dangers of tlic wc.<t <in<l north coasts of France, and one hundred and 
eighty-four tables of lii;;h and low water observed durin;[^ tlio progress of the 
twenty eta. son H spent upon the Bamo coasts. The account fi' Expose, Szc.) 
of those hydrographical labors, executed under his orders, was so drawn up by 
H. Beautemps-Beaupr^ aa to serre as the oomplement to tbo second chapter of 
the appendix attaehed to the ilist volume of the voyage of d'Entrecasteanz. 
In justifying tiiis form of composition, he pleads that, when that appendix was 
published, his practical knowledge of the hoM menns for roconnoitring Trtaritime 
obstructions could not be ,^o po^^itive as that acquired during his hrst ten cam* 
paigns ( 1817 to 1827} on the coasts of France. It is certain, nevertheless, that 
in everything essential his method was definitely fixsd at the time of the pub* 
lication of d'Entrocasteaux's voyage in 1808 ; and in the preface to that wovk 
it is thus spoken of by M. do Ilossel, an authority of undoubted competency : 
"Navigators will in general find in this appendix hydrographic in?trnctions of 
a far more complete nature than any heretofore publislu d. lioauicmps- 
Beaupre has here given also several expeditious methods for sounding a coast 
aad mvking the depths on the chart. These methods, of whieh he avafled 
himself for his operations conducted on the coast of France, (before 1808,) by 
order of the minister of marine, arc go nsefnl that it would be unju,-t in with- 
hohl them from uavigatoars, as well aa those of which he made use during the 
campaign." 

From these judieioas ohsemtiona of one of the masters of hydrographic 
seienoe, it will readily be infened that the opeMtkms whieh M. Beantemp»* 
Beauprd eondueted on the coasts of France differ in several essential particulars 

from those with which he was habitually occupied in the voyage of d'Entre- 
easteaux. In tlie latter, whicli 2)ertaiu generally to what h called mrreying 
under sailf the end principally in view was to fix the position of the remarkable 
objects seen on die land, capes, moantainSi Ace., or meaiM of obseivatiens 
direeted towards those objects from eertain points in the cousse of the ship, de- 
termined with especial care. The operations on the coasts of France, within 
an ext<'Tir generally less wide and with much less rapidity, had in view to fix 
various point.s of the sea, rocks, places of i^ounding, &;c., with reference to cer- 
tain objects deteruiiued on land, mountains, steeples, semaphores, and other 
signals. This was almost aa inverse opeiation to the preoewng ; yet this also 
leqniied numerous admeafiorements of angles, which were obtained with the 
same reflecting circle, and the geometric con?tmctions were derived essentially 
from the same trigonometric principles, although the propositioil of the "problem 
of three poiuLs" was here more frequently employed. 

As the bearings taken from the sea were airected upon all the remailtaUe 
dbjeets of the land, it was necessary that the position of these should be deter- 
mined by geodetic measurements made ashore with all the precision attainabla 
by science. For this reason a triangulation wn'^ execnff^d on huid eml)racing 
ail the points of the coast. This was effected for the western coasts of France, 
from Brc^t to ISaint Jean de Luz, by M. Daussy, and for the northern and 
floutfaem coasts by M. Begat, both membeis of the corps of hydrographical 
engineers of the marine. These triangulations have been connected witii the 
grand triangidat»)n which serves as a base for the new chart of France pub- 
lished by thf^ eorps of the ctat-major, and have been fonnd so exact that they 
have lM*en liually ] acui porated in that fundamental system. MM. Daussy and 
Begat iiavjc deduced iirom their trigonometric labors a complete table of the 
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poBitions ot all the remarkable objects of the coasts of Franoe wbicb can tie 
Been from tbe sea; and it was by bearing.-? dirpctod npnn these point?, rigor- 
ously (b^tormitied, that M. JJeautemps-Bcaupre and hi8 asj^istants fixed the posi- 
tions ot the points of the sea which were to be marked on the charts and plans. 
The bcariuM were invarmbly taken with the reflecting eircle, in the msna^ 
mont of which valtiable and delicate Instrament M. Beantempe^Beanprd had 
acquired great doxtority. Nor was he less expert in constructing' graphically on 
the fust rough draught of his chdrt the points obspr\'od by his method, fonndod 
on the geometrical principle of the "problem of three points." He wau 
master iu a surprising degree of the yaricd constructions dcduciblo from this 
principle, and applied them, as the case might require, with the ntmost readi- 
ness and sagacity. * 

It is usually by means of the circumferences of circlets described with the ob- 
served distances that the points of station are obtained; but when thia construc- 
tion presents some difficulty by reason of the length of the radius of the circle, 
Uienearuessj of centres, &:c., it ia practicable to bubstitute one of those somewhat 
nnmerous and generally quite simple conBtroctions which elementary geometry 
deduces from the same fundamental theorem* Thus, in many circumstances, 
calculation maybe used to find the radii and centres (jf the circles to be de55crib(?d. 
M. Beautemj)S-Bi*aupni recommends for these .constructions, combined with 
calculation, the employment of tht? tables of natural tangents and sines. 

The scale adopted by the hydrographic engineers for the first junction of 
Aeir labors was six lines for 100 toises, or t-^tthj* ^ qual 'to sfx times that of the 
. chart of Cassini. The charts, and even plans, hoAvever, have heen generally 
published on a pcale much smaller, but 3T. Beautcmps-Bcaupnl s^oon reeognixed 
the propriety of not only collecting the materials requisite for the execution of 
\ho new cliurts o|" the coasts of Franco, but of exerting himseif, moreover, to 
bring together in the archires of the depot of marine all the doenments which 
might be useful in the sequel for forming a judgment of any projects relating 
to navigation. He suffered himself to be deterred neither by the diflicultie.s not 
magnitude of the work, and the depot found itself eventually in po??iefsion of a 
collection of five hundred and twenty-seven quarto volumes, containing the 
documents requisite to execute at need, on the largest scale, the plan of all parts 
of the western and northern coasts of Frsttee to which the attention of govern- 
ment might be called. 

One of the most Ci?scntial and useful parts of marine charts is the indication of 
the depths of the sea at different points obt-n'ru d by the sounding line and denoted 
by figures on the chart. M. Beautemps-licaupru was equally skilled in making 
. and in marking the positions of soundings, and it is with the authority of a 
practised master that ne recapitulates in tho EsDpote iea JVavaux, Sfc., the roles 
of the difficult art of submarine topography. It was seldom that an obstruetioil 
or peril escaped him, though he seems to take pleasure in citing, for the instruc- 
tion of his succejisors, instances in which his researches were baffled for years 
in succession. One day notice was given him that, a vessel had touched upon 
a tock at a point where none was known to exist He sought fbr it a long time 
without success, hut at last his line fell upon it. The rock was simply a peak 
whose diameter scarcely exceeded that of the lead of the sounding line. 

It h necessary to take account in soundings of the constant variations of the 
level of the sea by reason of the tides. "The fir^t thing to be done," says our 
hydrographer, "at the conuuencement of a campaign, on a coast where the water 
throu^ Uiis cause continualljr changes its level, is to place a certain number of 
scales, divided into feet and inches, on which those cuanges shdll he observed, 
since it is by means of observations of this kind that we are enabled, in giving 
the chart its definite form, to reduce to the lowest water level the soundings 
made at all hours of the day and tide. To reduce the soundings is to subtract 
from the depths found on di&rent days and at all honrs of the tide, for every 
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point of the coast sounded, the suitable number of feet, in order to transfer to • 
the pUn onlj the ^opths of water found at each pomt at the precise instant of 
lowest d^inesion. The tables (Mf high and low tide, at many principal points 
on. the coasts of France, arc extracts from the large body of observations which 
eerved for the reduction of the tsoundings." [Expose dcs Traratix, &c., p. 10.) 

As M. Beau temps- Beaupre has more than once remarked, the soundings in 
many parts of the sea are far from being neccssai'ily unchangeable. It is readily 
conceived that they most vary as well fix>m the efiect of deposits produced at 
some points as of erosions which take place at otheri«. Uo likd said, as early 
as 1S04, in iiis nautical description of the coast of the North sea: " We forewarn 
navigators that our work must not be regarded as everywhere aulhuritative, ex- 
cept for a limited time, on account of the changes which arc in progress in the 
ahoals upon these shores." To the same efl^t he observes with reference to 
the western and southern coasts of France : " All banks of sand and ooze un- 
dergo changes of position and of depth of which navigators should ^vtr be dis- 
trustful, since ilie host charts can only give, as rep^ards dangers of this kind, 
insufficient information when some time has intervened since their construction. 
And this applies especially to tsuch banks when they obstruct the mouths of 
rivers. Hence the necessity of sounding annually the prifacipal channeb, and, 
indeed, of frequently renewing the charts of the entrances of rivers." It may 
be added that the comparison of the successive charts of the same region wiu 
some day famish valuable data respecting the accnmulation of sub-marine 
alluviums. 

It was to the class of resewches just spoken of that our colleague dedicated 
hia last hydrographic labor. He had not taken final leave of the sea in closing, 
in 1889, his survey of the northern coast of France. In 1841, at the age of 

seventy-five, lu; cheerfully complied with the invitation of Admiral Baudiu to * 
join him in an investigation of the changes produced in the system of bars at 
the mouth of the Seine within the seven preceding years. It was then that for 
the first time he had at his disposal a vessel moved by steam, and fhe superior . 
fiusflities thus fhmished for hyorographic enterprises drew from him the remark, 

That he would- gladly recommence his career if it were only for the pleasure 
of prosecuting liydrography with such advantages." 

Though he cheerfully acknowlidged that tht; marine; had done in his behalf 
all that was practicable, yet he had never, during his operations on the coasts 
of France, possessed other resources fbr transportation uian those supplied by 
i^ke sail and oar. He had generally at his command a company of eight or tea 
hydrographical engineers and officers of marine, and from this school of prac- 
tical hydrogra]d)y have proceeded miiny of each class who have since been in-* 
trusted with the most important labors in remote as well as neighboring seas. 
Among them have appeared at different times onr present colleagues, M. Daussy, 
Admiral du Petit Thouars, and H. Dortet de Tessan; MM. Givry and Gres^er, 
to whom was intrusted, under our distlDgnished and regretted colleague, Admi- 
ral Roussin, tin; hydrography of the coasts of Brazil ; M3I. Monnier and Lo 
Bourguignon Duperro, who have furnished us a magniliccnt chart of our colony 
of Martini(j[ue, aud have commenced the hydrographic survey of our Mediter- 
ranean coasts, and those of Italy ; MM. Begat, Keller, Oliaaallon, Lisusson, . 
Dehunarche, de la Boche-Poncid, now actively prosecuting the grand hydro- 
graphic enterprises of the depot of marine; MM. Darondeau and Viuccndon 
DnmouHn, who have so honorably associated their names with our great voy- 
ages of circumnavigation and other important labors ; MM. Le Sauluier do 
Vauhello, Lapierre, Jehenue, De Villeueuve, who, as officers of our marine, 
have in di£Ebrent quarters of the world rendered signal services to hydrography. 

Familiar with idl the hazards of the sea, M. Beautemps-Beauprd exercised a 
consummate prudence in the em|)loymcnt of his assistants, and was justified in 
* saying to the Academy, when he presented it with the sixth and last volume of 
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the Pilote de Frame: "It completes the satisfaction 1 feel at hnvin*:^ bronjrlit 
to a successful close so considerable a work that whicli 1 now submit to ilie 
Academy, that never in the course of twenty eampaignei, amidst the iannmemUe 
dangers which beset onr coaBts, have I had to deplore the loss of one of my 
comrades by any accident of the sea." Nor was he less emphatic in acknowl. 
edging the zeal and science of tlior^c who had taken part in liis labors, and wc 
.feel that it was with equal pride and pleasure that he took another occasion to 
' say : *' Practical knowledge may advance, and methods be hcrcatier improved, 
but we believe ontselves fully justified in affinning, that under no circamatnncet 
can greater zeal be exerted than has been displayed by all our fellow-laborers,** 
Hence, when Louis Philippe, in 1844, named him {irand officer of tlic lej^ion of 
honor, tlie entire corps of hydro«rraphiGal engineers IcU themselves recomponecd 
in the person of their venerable chief. 

KinanesB of disposition did not pvednde, in Uie ease of oar eolleague* great 
firmness of character, as was abundantly manifested amidst the vexations in* 
BQiarable from labors like his; especially was his conf^tancy of purpose proved 
by a circumstance which would have discoiirapred nio^t otlierr>. Allhou<;;li he 
embarked young, and at the outset was tossed fur two teuccessive j'oars on the 
most Blormy seas, he ceased not at any time to be subject to rica-sickness, and 
it was amidst snfierinvs from this malady, which so completely snbdnea the 
stoutest spirits, that for fifty years it devolved on him to measure angles with 
the nicest i)iecii*ion, and note the details of soundings, while exposed on slight 
vei'pels to the waves which often swept over himself and his drawing;? ; yet he 
paid no attention to these things, and disliked to have his iniirmity obaervcil hy 
others. To his assistants, however, his sufferings could not be unknown, and 
must have contributed to the sympathetic affection with which he was regarded 
by those, whether officers or mariners, with whom his labors hroo^t him into * 
contact. 

It was indeed natural that, with such a character as Ins, M. Beautemps- 
Beauprc should be loved by all who approached him, and it may be readily 
imagined that the Sdth September, 1848, which witnessed his official retivemcut, 
was, for the depot of manno and the whole corps of hydrographie engineers, a 
day of undissembled regret. Equally may we conclude that it was a day of 
festivity when, Febniary 2, 185;i, M. Ducos, minister of marine, came, in the 
name ol' the Emperor and in the presence of the coj'pf* of engineers, to inaugurate 
the bust of our colleague in the grand gallery ^f the depot, whose invaluable 
documents have in great part been coUeiSed by himself or under his orders, or 
at least by the methods with which he has endowed hydrography. On this 
interesting occasion, Admiral ]\ratliien, the worthy and learned director of tlie 
depot, pronounced a discourse, from which I mu.-^t content n)ypelf with trans- 
cribing the following passage: "In having constantly before our eyes the ven- 
erable features of him who was ones onr chief, and who haa created that admi- 
rable hydrographie science which is the torch of navigation, we shall recaU 
without ceasing his vast and conscientious labcHfl, his useful counsels, his devo- 
tion to duty, his rijrid probity, and at every moment of the day, so to sjjeak, we 
shall pay him the tribute of respect and gratitude due to him by so many title?." 
To this address M. Ducos cordially responded : "This bust," he siaid, in ciotiing 
his remarks, 'Hs entitled to our respect, foi* it is that of M. Beautemps^Beauprc, 
80 much endeared to the navigators of all nations and of every sea. In dedi- 
catin*r this effigy of tlie man of science, whom you justly consider the founder 
of tiie depot of marine, in the place whicli has been the witness of the labors of 
his long career, it would seem to be no strained metaplior which should liken 
this tribute of your regard and veneration to one of those beacons erected by 
^is eounsels and exertions by which yon would ingeniously recall to bis sue- 
cessors the modest point of departure, and the glorious point of success whidi 
fliey too may mIim." The bust is perfeet in its xeBsmbJanoei* iaithfoU^ npi^ • 
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dncing the iioUfi features, the UndUness, vhited with mnetiatioiu which charae- 
teriaed the origlual. Under a phyaiogaomy improssed with ao maeh goodness, 

we are easily persuaded that we sec one of tlioseancieut savants of the primitive 
type whose renown is the prnporty of agC8. To tho t^kilful statuary (M. 
liesprez) who r'xocutod it. the more lionor should accrue, inasmuch as M. I3oau- 
temps-Beaupre had reached the ajje of eighty-six without having ever permitted 
any one to take his portrait. After the eeremony, the minister, the admiral, 
and ihe whole hody of asflistants proceeded to the modest residence of M. 
Beautemps-Boanpn', in tho ^^treet des San/(s-Pcrcs, th(^re to render to the illus- 
trinns old man in person, and amid.^t the applause of all present, an homage 
which must have Bcnsibly touched his heart. 

Not were the scientitic bodies, to which he hdonged by more than one 
title, less conseientions ui thehr acknowledgments. In 1824 hie had been named 
member of the bureau of lonp^itudes, and assiduously attended the meetings 
whenever he vrn^ in Paris. His advice in all thai regarded naviLcation was 
here listened to witli invariable deierence. He had been also named one of the 
commission of iight-iiousca from the commencement in 18:^6, and Avas especially 
intrusted with the snitable location of those invaluable aids to navigation. The 
afitire and influential part which he took in the deliberations of th( ))o;ird was 
warmly acknowledged at his funeral by M. Lconcc Reyuaud, the skilful con* 
••trnetor of the light-house of Brehat, the site of which was fitted hy M. Beau- 
temp.-*-Bf^aupr«^ him^^elf, after the difficult and danj^erons ex[)loiMtion of the 
RocJics-Dom res Hi the etitrancc of the British chauaei. Ills cliaruclei, liLs long 
experienee of the sea, 'his solicitode for the public good, conspired, with the 
intrinsic wisdom of his counsels, to secure their constant adoption. Even on 
bis death-bed his thoughts wore still occupied with the interest?? and dangers 
of maritime enterpri.^e; and if he manifested a senr^ibility, it waf> to the assur- 
ance that the member of the commission of light-houses ha*l completed the 
worit of the hydrographer, and that thenceforward all important questions 
bearing oo the lighting of our sea-coast were resolved. 

Whatever related to the sea interested him to the last. In 1853 a commission 
was appointed to investigate, under the direction of M. Dnmas, certain ques- 
tions tonching tln^ cxisti net! of the tangue,^ prodnct of marine origin \vhich the 
sea throws ujp at the en trances of certain rivers of ^iormandy and Brittany. 
Agricnltnre dreaded the disappearance of this fertilisier. The commission, de- 
sirous of consulting M. Be.iutemps-Bcaupre on this production of shores which 
he bad so thoroughly explored, repaired in a body to his residence. The aged 
navigator recovered all his animation in speaking of places which he had so 
often visited : "W(' l<iu>\v not," he said, " how the tangne is reproduced at 
those points j it is the Jowl wktck lays golden eggs ; it must not be interfered 
with." 

In the presence of the great spectacles of nature, M. Beantemps-Beanprtf had 

contracted a taste for natural history. If he did not cultivate it himself, ho 
zealously aided those who did. In the expedition of d'Eutrccasteaux he had 
formed intimate relations with its botanist, M. do la Billardicre, and it was he 
who brought to France the beautiful naut£h^9 vitrd now in the Mnseum of 
Hatnral History which was bequeathed to the government by M. de Kermadee, 
ciptain of the Bkpenmee, on his death in New Caledonia. Many of o ir col- 
leagues recall with sensibility the cordial and obliging reception extended to 
them 'on our coasts by M. Beautemps-Bcwpr^ while prosecuting bis own 
arduous hydrograpLiic labors. 

Besxed among the savants of the close of Ae eighteenth centory, he had pre- 
served that almost religious respect for science which was one of their dis- 
tinctiye characteristics. Hence the dignity, united with friendliness, which per- 
vaded all his relations, "lie was," said th(; Marchioness de Laplace, wliose 
rtim^mbraoce is itself a eulogy, "a man of an antique character."^ He possessed 
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tbat elevation of sentiment which Plutarch so well knew how to paint. Rcverseft 
of fortune, which would have overwhelmed another, were encountered by hiin 
with Btoic lirmncbB. Involved at an advanced age in the failure of a banker,* 
he lost hy thai event the savinei of hia whole Im ; hut he contented himself 
with saying affectionately to Madame BeautempB-Beaupr6> "This event, my 
love, makes us young;or by tliii ty years," an cxprrpsion wliich supposed in her 
an elevation of Feutiment e(|ual to hid own. Few marriages, indeed, liavc been 
80 happy as that which he contracted, in 1604, with Madame Fayolle, widow 
of a eommisBary gcncial of marine. Both wen nearly eighty when death aepa- 
jated them by the removal of the wife '; it was the mt clond which had da»k- 
ened then: union. 

li. Fayolle, ipeuc of the fll•^^t marriage of Madame Beautemps-Bcatipre, found 
in our colleague a second father, and, af< hydropraphical engineer, was for maojT 
years one of his mobt distiuguibhcd and usciui aasistants. 

M. Beantemps-Beadpr^ had always had a weakness of the hieast; at the a«e 
of eighteen some phyeicians had even augured an early decline. When ha 
embarked to take part in the expedition of d'Entrecasteaux, it was generally 
thought that he would never again see France. Thi^ prognostic was fortu- 
nately falsified ; but an obstinate cough attended hia wholo life, and in later 
years subjected him to much annoyance. 

It will scarcely be forgotten among onrselvefl that, at onr sessions, he was a 
model of punctuality. lie signed our record the 23d of October, 1853. but 
thenceforward wa? forced to renounce his attendance. This privation, and the 
sufferings wliicli occaBiuiied it, he bore with a resignation full of clieerfuIhesB. 
One of our colleagues having CiUled to see him, and expressing the hope that a 
strong constitution would again restore him to ns, he replied with a smilb, **I 
am duly sensible of your kindness, but I shall soon be eighty-eight." Firm in 
a Christian faith^ M. BeautempB-Beaaprc accepted death without a murmur. 
" Let us not repine," said Admiral liaiidin at his grave, " that, in subjecting 
him for several moulhci to the supreme trial of exces.-ive t^iifferinp\ God afforded 
him the opportunity of setting an example of rciigiidtioii and unaiterabls 
serenity." 

He expired March 16, 1854, surrounded by a devoted family, whidi numbers 
two inheritors of hh di^tiiigui.<hed name — M. Pierre Beatitemps-Beaupre, presi- 
dent of the Chamljer ui' Commerce of Grandvillc, and M. Charles Beautempa- 
Beaupre, imperial procurator at Mantes^, in this Academy he succeeded M. de 
rieurieu, his master and friend, and has himself been succeeded by M. Daussy, ' 
who, from 1811, had been his most constsnt collaborator, and who efficiently 
contributed to secure to the hydrographic survey of the coasts of Fnmoe 
geodetic bases of irreproachable precision. 



* The bonk^, who was his relative, might have been jprosecuted for fraudulent banllH 
mptcy. M. Beautenip8-Bcaupr6 throw in the tire the only paper which con Id have pro- 
car^ his condemnation, saying, "It is not 1 who will ever be instrumental in dkgraciug a 
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"TTie priucipal advantage of academies consisfs in tho philosopliical Rpirit nattirallj en- 
• gendeit'd by them, which spreads itself throughout sucict} , nud extends to all obj. i ts. The 
isolated inquirer may re.«i<rii himself without fear to tho spirit of system ; lie only hears afar 
off the contradiction which he incurs. But in a learned society the conflict of systematic 
opinions soon nsnlts in their overthrow ; and the desire of heing mutually satisfied necessarily 
establishes between tho members an agreement to admit nothing but the results of observation 
end calculation. Henco^ as experience has shown, true philosopher has been generally dif- 
fused tnne» rtie rise of academies. By setting tho example of subjecting everything to the 
exaiiiiiui!ioii of a nfjorou.s analysis, thi-y buvo dissipated tht- prcjudicfs winch had too long 
tyrannized in the sciences, and in which the best intellects of preceding age« bad shared. 
Their tueAil inflaenoe over opinion baa, in oar day, dispelled errors which Iiad been received 
with an enthusiasm tliat in other limes would have jiei iM tnafcd thoin. Equally i xeiniit (Voin 
tho credulity which would admit overythinff, and tho prejudice which disposes to tho rejection 
of whatever departs from received ideae, Ibese enlightened bodies have always, in diffieult 
question!?, and with rrference to extraordinary pheiioiiu iia, ■sviscly awaited the answers of ob- 
servation and experiment, which they have ut the batne time solicited by prizes and by their 
own hibors. Proportioning their appreciation, as well to the magnitude and diffienlfy of a 
discovery as to its iminedliite utility, and conririfcil l»y many examples thiit [ho mo^t Rterilo 
in appearance may some day lead to imp'jrtaut consequences, they have encouraged the i"e- 
•earcD for truth in regard to all objects, with tho exclusion of those only which tho limits of 
man's understanding render forever inaccessible. Finally, it i.s from thc-ir bosom that those 
grtat theories have arisen whose penorality places them beyond tho comuioa reach, and which, 
spreading themselves by numerous apijlications over natore and the arts, have become inex- 
haustible sources of lipht and fruition. Wise frovomments, convinced of the utility of such ' 
societies, and considering iheni us uuc of the principal fouudati<jns of tiie glory and prosperity 
of empires, have not only instituted them, but attached them to their own service, tiiat they 
miprht derive from them that knowledge which has often proved of the highest pubUo advaife* 
tagc." — (I^aplace, Precis de T Nistoire de VAstTonumic, p. D'J.) 

"The flcvclopnient unci fidvancf^mont of acience," it lias been remarked, "arc 
signally indebted to tliree ainoug modem aBsociatious : tlio Accademia del 
Cimento at Florence* which eiidiured» howeTer, hut for a short time ; the Royal 
Society of London ; and the Academy of Sciences at Paris." The first of these 
was estnLli.^lied in 1657, under the patronage of the Grand Duko Ferdinand II, 
acting upon the advice of Viviani, tlic great geometrician. Tlie name adopted 
by this society implies as its object the investigation of truth by ex[)(-rinient 
alone* and its members, whose numher was unlimited and included the disiin- 
^ guishod names of Castdlio and Torricelli, were held to no other obligation bnt 
* sn abjuration of all authority and a resoltUion to inqnire aflter truth, without 
reg.ird to tlie doctrines of any previous system of philosophy. Ko'r did tlio 
Academy patis away witliout leaving a record of its labors. A volume, con- 
taining reports of the experiments made under its auspices, was printed in X666» 
including, with many others, those on the supposed incomprestthlli^ of watert 
Uie universal gravity of bodies, and the property of electric substances. . 

For England, afttr Italy, is claimed a priority in the formal inauguration of a 
similar and purely scientific association, and the date of the establishment of 
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the Boyal Society, which is referred to 1660, certainly preceded by six yeoie 
ih&t of its Fi-cirIi riTal. BuC^depcndently of the consideration that the 
poriod liiul anivf'fl when tho state of cxporimontal science nrg;ently (h'inandcd 
the realizatioij of those spleiidiil visiinis of associated activity which liad long 
before kindled the imagination of Bacon, * tlie clironologicui origin of the illus- 
trious bodies in qaestion hi iuTolyed in some oteenrity m conseqnenee of their 
previons ^istenee as private and spontaneous reunions of certain learned men 
of the a^v. Hence the title of the " Invisible College," which we find applied 
by Boyle to the future IJoyal Society, whih; as yet it existed only in tliia in- 
choate t^Vdle, a period of wbic^ the following passages convey to us some inter* 



esting notices : 



'* About the year 164/S," says Dr. Waliis, "while I lived in London, (at a 
time when, by our civil wars, acad^nieal studies were much interrupted in 

both our universities,) besides the convcFsation nf divers eminent divines as to 
matters theological, I had the opportunity of being acquainted with divers 
worthy persons inquisitive into natural philosophy and other parts of human 
learning, and particularly of what hath been called the New Philosophy, or 
Eaytaimental P^Uosaphy. We did, by agreement, divers of us, meet weekly 
in London on a certain day, to treat and discourse of such matters* Our busi- 
ness was (precluding matt'T' f>f theolnj]^y and state affairf*) to disemirfse and con- 
eider of pliilof'ophical inquiries, and such as related thereuuLo, as physic, 
anatomy, geometry, astronomy, navigation, statics, magnetics, chymics, me- 
chanics« and natural experimrats, with the stale of diese studies as then eiiM- 
vated at home and abroad. We then diseonrsed of the circulation of the blood, 
the lalrrs in tJic reins, the VCtUB lactea, the lym^atic rcssch. fhe ('opcrnican 
hypothesis, the nalurc of comets find new stars, the satdHtts of J/ijiifer, the oval 
shape (ns was then .-iuj'posod i of Sufurn, the .^pofs on I he. sun a/zd il.s tnmin^ tm 
its omt axis, tlic inequalities and sdanoi^raph y oj the iiwon, the several phases 
of Venus and Mercury, the improvement of telescopes and grinding of glamee 
far that purpose, the weight of air, tlr pos.sihility or impouiJl^ly of racuitiet 
and nafHre\s ahhnrrrncp therc(f lite Torricellian experiment in quicksilver, the 
descent of hear ^ bodies and the degrees ef ar-celeration fherei)i, and di%'ers other 
things of like nature, some of which were then but new discoveries, and others ' 
not so generally iinown and embraced as now they are." 

"For such a oandid and impassionate company as that was," says Dr. 8pnit» 
in his HiUory of the Royal Society, " and for such a gloomy season, what could 
have been a better ?nl)ject to pitch upon than natin-al phi!o?o[)liy ? To have 
been always to.-^^iinr;: ahout some theological question wouhl Imve been to make 
that their private diversion, the excess of which they themselves disliked in 
the public ; to have been eternally musing on eitf& hutmen and the distresses 
of their eonatrj was too melancholy a rmetion. It was naUure alone which 
could pleasantly entertain them in that estate. Their meetings were as frequent 
as their affairs permitted ; their proceedings, rather by action than discourse, 
chiefly attending some particular trials in chemistry or mechanics. They had 
no rules nor method fixed ; their intention was more to communicate to each 
Other their discoveries, whidi they could' make in so narrow a com^pass, than 
an united, constant, or regular inqui^^ition. Thus they continued, without any 
g^eat inteimissions, till -Ahr^ni \\m fatal year 165S, when the continuance of 
their meetings might have made them run the hazard of tlie fate of Archimedes; 
for then the place of thehr meeting (Gresham College) was made a q^oarter for 
loldien." 

"There arose at this time," says Dr. Whewell, alluding to the period ante- 
cedent to the epoch of Newton, gronp of phUosophers who h^gan to knock 

* o 

*See the "New AOaniis," of Lend Bsooa. 
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at the dour wlicre trutli was to be found, although it was left for Newtou to 
force it oueii. Thcric were the fouiidera of tlic Royal Society." " The men who 
formed the Rojal. Society," »ayn Bishop Buraet, "were Sir Robert Moray, 
liord Brouucker, a profouitd mathemat^ci^ui, and Dr. Wardr a man of great re- 
search, sind i^o (lextoroiis that his sinccrlry was much qnoptioned. But he who 
labored mo-t, at the greatet^t charge, and. with the most t^uceess at exporimontfl, 
was the lion. Robert Boyle, a devout ChtiBtian, humble and modeut almoi$t to a 
£uLlt." Among other uamea ooonected with the Soeietv in its earlier stiige, or at 
the period of ita formal organisatioii, and still memombfe in science, Htesaturc, or 
the arts, may \» diistinguii^hed those of Bishop Wilkins, Sir Kenelm Digby, 
Evelyn, Denliam, Clarke, Covv]( v, Willis, Wren, A?1iTnole, Jcc. 

** The lir^^t journal book of the Soci(>ty, a plain unpretending volume, l)ound 
in basil, yet destined to receive great uuiiiea ami to be tho record of importjuit 
eeientific experiments," opens with the date of Noyember 88> 1660, and with 
the proceedings of a meeting Avhich may be regarded as organic in rr latiou to 
Abe form and pcnn;inf nee of the Society. Here it was determined that meet- 
inETB f^lionld be regularly held every Wednesday during term time ; that a con- 
tribution of ten shillings on admission, and of one ehillinp; wci kly, should be 
levied ou each member, whether present or absent, as long as he should please 
to maintain his connexion with the association^ and a list was formed of the 
names of such persons, known to those present, as were judged willing and fit 
to unite with them hi their design. At a subsequent meeting a committee of 
three or more (as occasion might permit) was empowered to frame ir constitu- 
tion, which was submitted and adopted kt a general meeting on the 12th of 
December following. By this, the standuig officers of the Society were declared 
to be three : a preiment or director, a treasurer, and a legister; the first to be 
ehoscn monthly, the two latter annually. An amanuensis and operator are 
styled "servants bclon<rit\L'- to the Rnriety," and receive salnrie?!, the former 40, 
the latter 4 poiuuls jx-r anuuai. The stated nnmbcr of members was fixed at 
fifty-five, with permission that all pcrdouti of the degrees of bai'ou or above 
might, at their choice, be admitted as supernumecaries. It was provided that 
no candidate should be elected the same day he was proposed, and that at least 
tveaQr-ene membera should be prosent at each election. For such election, 
the am umensi^, it is ordered, shall provide " several little scrolls of paper of 
eqnai li-ni^th and breadth, in number doubh^ to the Hociety jjvcseiit. One-half 
of them shall be marked with a cross, and being rolled up shall be laid in a 
heap on the table; .the other half shall be marked with ciphers, and being 
rolled up shall be laid in another heap. Every person coming in his order 
shall take from eaeli heap a roll, and throw whieh In; please privately into an 
iini. and the other into- a box. Then the director, and two others of rlie 
iSociety, openly numbering the crossed rolls in the urn, shall accordingly pro- 
nounce the election." Two^thirds of those TOtmg were necessaiy to a choice. 

The Society having included, as we have seen, two poets, Denham and 
Cowley, among its members, was fahiy entitled to a greeting Irom the muse. 
This it received thrnnf^h the ingenious pen of Cowley, in verges wluisc pliiloso- 
phicai truth as well as originalit]( of illustration may perhaps still justify 
t o notation. After deploring the fate of philosopby, which for three or fomr 
thousand years had been kept by unwise or oiuienest tutors in. a stale of 
nonage, he tells us : . 

Bmqo, at lust, a mighty man ! aroM, 
Whom a wiso kiup^ imJ Nature chose 

Lwd chancellor of both their laws, • 
And boldly imdertook the injuria i/intil's caiiw. 

, FroDi the long errors of the way, 

In which our wandering predecessors went, 
And, Uhs lbs eld Uttinm, insajr yesrs did slngr. 
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• OEIGIN AND HltiTOliY OF THE 



In deserts, bat of small extent, 

Bacon! like Moses, led us forth at lai( 

'I'iie baiK U wilderuess ho piiss'd— • 

Did ou tlio very border stand 

Of the bless'd proniis'd land, 

And from the mountain^ top of his exalted wit, 

8aw it UiDsel^ and sbow'd ns it. 

If the poet lias somewhat overstated the chiims of Lord Bacon as the herald 
of experimeiital philosophy, be seems to have been |;ifted witli a clearer Yitkm 
o£ the fatnre adueyements of the Soeietft wlueh he thus apostrophiaes ; 

From jou, great champions .' we expect to get 
Those spacious countries but discover'd yet ; 
Countiies where yet, instead of Nature, we 
Her image and her idols worship'd Bee. 

New tcenea of heavea aheadj we espy, 
And crowds of golden worlds on high, 
Which from the .spacious plains of MramdMa 
. Gould never yet discover'd be ' 

B7 sailor's or Chaldean's watehftil eje. 
Nature's great works no di^tanc■o can obscure^ • 
No smalluess her near objects can secure: 
Te'aTe taught the carious sight to preM 

Into the piivatfst recess 

Of her imperceptible littleness i 

Te'ave leam'd to read her smallest hand. 

And weli begun her deepest sense to nndentaad. 

* Oowley possessed other dalnui than merdij literary onea to ideiktific HsUoir- 
ahip; he had taken a degree in medicine and written* degaatly at least, on 
plautH aud trees. He had besides, as Dr. Sprat assures us, accelerated the 
foandatiou of the Royal Society by the publication of a projwsition for the ad- 
vakcemetU of experimental philosophu, which is still found among his works, 
and though the form of his proposed ** college" was not adopted, it cannot be 
denied that he has oompfehensively, if quaintly, stated the objects to which 
such an institution would neccsBarily be destined : " To weigh, examine, and 
prove all things of nature, aud detect, explode, and strike a censure through 
all false moneys, with which the world has been paid aud cheated so long, and 
^as I may say) set the mark of the college upon all tme coins, that they may 
pass hereaflter without any further trial. Secondly, it will recover the loat in- 
ventions, and, as it w ere» drowned lands of the ancients.. Thudly, it will im- 
prove all arts which we now haYe» and, lastly* discoTer others which we yet 
have not." 

It cannot but alTord a curious insight into the state of natural knowledge at 
this early stage of the labors of the Society, if we dhuiee at the maimer In 
which it proceeded to deal with the currency of which Oowfoy speaks, in order 
to explode what was spurious and accredit what was gQ^oine. With this Tieir 
a few entries irom the journal are here given t 

*' Dr Clarke was entreated to lay before the SJoeiety ^fr. Pellin's rdatlopof thepraduetioia 
of young vipers from tho powder of the liver and«lungs of vipers. 

**8ir Gilbert Talbot promised to Iwing in what he knew or sympatheticall enns. These 
thatlttd any powder ot sympathy were desired to bring- sonic of it at the next meeting'. 

"The Duke of Buckiugham promised to cause charcoal to be distiil'd by his chymist, and 
to bring into the Society a piece uf unicorne's horn. 

"Sir Keuolin Dig^hy related that the calcined powder of toads reverberated, applyed in 
badges upon the stomach of a pestiferate body, cures it by several applications. [Digby 
delighted in the marvellous, and is suid to have 6d Us wi|e on eapoBS filttened with tM 
flesh of vipers, in order to preserve her beauty.] 

" A circle was made with powder of uuicome's horne aud a spider set in the middle of Hg 
bat it immediatelj nm out seveiall tiane npeafted. Hie a^der onoe made aome etagr apoa 
the powder. 

** A letter was introduced treating of a petrified city and its iuhabiiants." &c, dbc 
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Odier entries there are imdouhtedly, and in greater ntimber, which show that 
tlio spirit of inquiry was rajiidly finding its true diroclion : Invosti-xations of 
the meclianical proi)crtic3 of the air, \)\ 13oyle ; experiments with the pendu- 
Inm, by bir Christopher Wren, wlio is said to have first suggested its oscilla- 
tions as a standard of measure; observations on the *' anatomy of trees," by 
Evelyn ; instractiona for the gntdanoe of enrioiis ohBervers " in the remotest 
parts of the world." £v6n what now seem Indicrons tentatires witli tlic pow- 
der of toads and vipers, or frivolon;^ inquiries resprctin^:^ tlie witch-liazcl ynd 
still more wonderful Lcpas anafifcra,* it is mor«> jn.'^t to r('*;ard as oblipitory and 
conscientious efforts to briug the questionable opinions of the day, however 
trivial, to the assay of direct experiment. The time will prohahfy not soon 
eome when science can claim absolute exemption from like humble labors ; not* 
at least, " While," to borrow the words of Sir Thomas Brown, " the spirit of 
delusion, though expelled from his oracles and more polrmn temples, still runs 
into coraei^, exercising minor trumperies, and acting his deceits in iuferioib 
seducers." 

The Bestoration* in difiasing a general sense of pennaneDceand saenrity, was 
highly favorable to the objects of the association, and Charles II had enough of 

curiosity, perhap? of wisdom, to look with a patronising eye on inquiries which 
threatened to interfere ncnther with his indolence nor pleasnrepi. He held sundry 
communications with the phiiojsophers, and even proposed subject.H for investi- 
gatiou, before proceeding to what has been uncharitably called the only wise 
act of hia reign— the ineorporation of the Boyal Society. 

In the instrument by which this was effected, the Kiu'r, after protesting his • 
xeal for all learning', eppecially for those PtTidies which aim by solid experiments 
to Ptrike out jsouiethin^ new in ])liih mophy, or bring to perfection v.-hat alixiady 
exists, (novum extunderc ithilosoiihiam aut cxpolire vctcrcm, ) declares himself 
fbnuder and patron of the Society, conferring on it the name of the Boyal 
Society of Loudon jifv teienfia natural i promo renda»j 

' Its government is deposited in the hands of a president and council, to the 
nnmber, including the president, of twenty-one, nil of whom were, in the first 
instance, nominated by the crown. For the succession, it is provided that an 
election tjhall annually take place on St. Audrew'b day, in which a president 
shaJl be chosen from among the members of the existing council, ind ten of this 
latter body shall be removed* and their places supplied by others ; on which 
occasion not less than thirty-one members of the Society shall bo prcpent, (the 
president or Ids depiitj'' being always one of them,) and a majority of that num- 
ber shall determine the choice in each instance. Other olhcers oi" the Society 
are a treasurer, two secretaries, two or more curators of experiments, one clerk, 
besides two mace-bearers to attend on occasion upon the president. Power is 
pyen to the president and council to make from time to time such laws and 
ordinancea m shall seem to them u«efnl and necessary for the better government 
and regulation of the Society ; and f^rants of certain pieces and parcels fpecios 
et parccllosj of land, of no great extent, are made to the learned body, to be 
held of the crown by the tenure of free and common soccage. A somewhat 
nngiilar.conoeesion is that which authorizes the Society to demand the bodies 
of anch exeeated criminalB aa may be desired for disseetion — a circumstance 



• Sir Robert Moray, first president of the Koyal Society, si^jnalized the meeting at which 
he was elected by preseutins a paper relatiog to immadts. iu which he affirmed that he had himo 
Mif seen, in the wfeetwn istas of Bcotland, trees to which were attached mnltltudes of sheila, 
rai h containing a small but perfectly shaped sea-fowl, orsolan-g-Odsp. Ho c-audicl(y conftwai^ 
however, that he did not see the products of these extraordinary limpets alive. 

t **Tbe epithet nofiira/," says Dr. Pariii, in hie l»ife of Sir Humphrey Davy, was here 
intrr (lr <l to y fi meaniog nf which few persons are probably aw«re. At the period of the 
estabiiabment ut the Society, the urts of witchcraft and divination were veiy extensively on- 
•ooraged, and Ifia woid naMual was tharafoie intradaoad in contndistinGtion to nipeniatinal.** 
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pointing perhaps to the Urge proportion of medical men which entered at that 
time into the aasociatioD. Filially, it is pvoTided that if abases should oecnr-or 
dissensions arise* the Arehbishop of Oanterbuiy and certain high officers of 
state shall be invested with powers for remoTini^ such abases and deciding sneli 

coniroversiea.* 

The first president of the Society, aftf»r the incorpomtion, was Lord Brouackor; 
the secretaries, Dr. Wilkius and ilainy Oldcuburg; all appointed hy the crown. 
" Some idea may be formed of the activity of the Society at this period by th« 
following list of eight committees appointed on the 30th March, 1664: 1. 
Mechanical, consisting of sixty-nine members. 2. Astronomical and optical* 
fifteen mcmhi rs. 3. Anatomical, consisting of Boyle, Hooke, Dr. Wilkins, mid 
all the [tliy-iciaua of the Society. 4. Chymical, comprising all llie phvi-iciuiis 
of the iSuciety, and seven other Fellows. 5. Georgical, consisting of ihirty-iwo 
membfsts. 6. For histories of trades* consisting of ^irtj-ftve members^ 7. For 
collecting all the piienomcna of nature liitherto observed* and all experimentB 
made aiul rocordfn, con.-isi iii^' of twetity-nnc mt'inbrrf. 8. For torrcspondencej 
consisting of twenty members.'' Uideubiiig, about this tini(\ received, as ho 
tells Boyle, the agreeabic asaurauce from liis correspondents in Paris, that "the 
£ngli;<h philosophers were doing more fbr sdence than all the other nations of 
Enrope, as well in corions and ^tached particulars as in the great wofks given 
to the public." 

The labors of tlip Soeicty wrre destined to be soon interrupted by the plague 
of 1665, which drove ili im mbei>! very f:^eTierally fi-om I^ndon. Oldenburg, 
however, remained at hi6 post, and coiuiuued his correspoudence on scientific 
matters during the whole period of the pestilence. When the meetings of the 
Society were resumed, the sourees of the late calamity became naturally a snb> 
ject of investigation, and on this occasion the animalcular origin of the epideaie 
was suggested. But " the vermination of the air as the cause of the plag'ue" 
was supposed to have received its strongest confirmation in Ttaly, wliert; Dr. 
Bacon, who had long practiced physic at Kome, was said to have obberved thai 

there was a Idnd of insect in the air which laid t^ggs hardly discernible with- 
out a microscope; which eggs being, fbr an experiment, <j:iven to be snulfed up 
by a dopr. tbt? animnl fell into a di.-^temper aceompanied with all tlit- pymptonMI 
of the pla<;ue," Kookc, liowcvcr, had observed that, during the i^ummer in 
question, there was, in London at least, a very great scarcity of dies and insects. 

A second interruption of the meetings was oceasioned by the "great fire" of 
the foUowing year, for, though the apai-tments of the Soctoty in Greshsm OoU 
lege escaped, that edifice was required for the purposes of the corporation of 
Lcjiidon. A removal of the m^■('till;;^^ to Arundel House, at the invitdtiou of 
its owner, led in the !^e(|m.l to a donation of hi;* vahiahle library, which thus 
became the nucleus of tliat of tlie Society. The eoilectioii consisted of 3,287 
printed books, chiefly first editions after the invention of printing, besides 644 
volumes of Hebrew, Greek, Latin, Turkish, and other rare manuscripts, of 
which the gre<ater part, of both classes, had been purchased in Vienna by aa 
ancps^tor of the noble houfe, and comprised the curious and costly r'»]]cction 
formed by the celebrated Aiatlhias Corvinus, King of llunp-n v. About this 
time also the foundaUons of a museum, or "collection of naiurui ihingu," was 
formed, which, it will not surprise us to be told, comprised, among other articlea, 
"the stones taken out of Lord Balcarres's heart, a bottle full of stag's tears, a 
petrified fish, ihe >^kiu of an antelojie wliich died in St. James's paik, a petrified 
foetus," and olher equally exlraonliuary objects, which the lanj^tl^a^e of the age 
not unaptly termed " rarities." The rival museum of the Tradescants aUeady 
contained " two feathem of the phosnix tayle" and " a natural dragon ! " 

" The charters and statutes of the* Society may be seen at large in the appendix to Wgld'S 
History op the Royal Society, a teamed tad inlimwtiif wttik, on mm stateaieBls Ills 
present brief account is founded. 



Digitized by Google 



BOTAL 80QIBTT OP hOmOB. 148 



A eabject which at this time attracted general attention wm the transfimM 

yf hlood IVom the veins of nne animal to those of another as a means of restoring 
health or prolongiug lite. As usual, the most extravagant expcctatious were 
indulged by the unrefiectiug iu regard to the efficacy of this process, and the 
Society, rightly judging the verificatioii of its ▼irtaes to fall witMn their domaia^ 
aft«r trying >vith impani^ the cxperimodt of transfusion on that castonuuy 
yietim of scientific curiosity, the dog t t hansel ves in quest of a human sub- 
ject for furtlM-r investig-ation. It wati liiot proposed to try the practice upon 

siome mud p<'i->un in licdlam," ])rtib;ibly wiih u \ i<'\v to test the cti'ecttt upon tlic 
meulal ati well aj6 bodily i^anitv, buL liic pliybiciuu iu charge of the hospitiil re- 
'luBod his aaseot* A poor student was, however* soon found, who, for tne prioe 
of a guinea, consented to undergo the operation, and indicated a eheep as the 
animal whose blood he was willing to receive. Tlie cxpeiimcnt was couducted 
at Arundel House, in tiie pref^ence of tlie Society and of other di^stinj^nished in- 
dividuals, and waii attended with such encouraging circnm stances aa to lead to 
its repetition some weeks afterwards, on which occasion eight omices of human 
hiood were taken, and about fourteen oonees of sheep's 'blood injected. The 
patient, we are told, was " well and merry" after the operation, his pulse and 
appetite being bcfter than before, but respecting tlie permanence of these good 
results we are h ir somewhat in the dark. The condition of the patient's mind, 
as well before as after the experiment, may be judged of from the mystical 
icao cn he assigned, when questioned why he had elected to have the hlood of 
a sheep transfused rather than that of some other creature : Sanguis ovu jym« 
htiUemn quandan Jacultatem kahct cum sanguine Christie quia Christm est • 
Asn}vs Dei. The Society had thus far met with better fortune than some of the 
cijtemporary inquirers in both Germany and France, where death had in more 
than oue instance been the ret^ult of similar pioceediugs, expobiug those who 
eondneted them to the danger of prosecution for manslaughter. . Tidings of 
these disasters at once tamed the current of public opinion in England, and led 
to the abandonment of further investigation on the part of the eavants. 

Tbere can be no doubt that the inquisitive spirit of the Society, though often 
directed to .subjects which no longer app^eur either digniiied or important, had 
already exercised the happiest iniiueuee on the coarse and habits of public 
thought. Inquiry was propagated* and a salutary sceptaeism everywhere man- 
ifested its encroachments on the domain of popular delusion. Under this point 

view, the iiistorian of the Society is justified in signalizing the fact that 
although "during the civil wars upwards of eighty individuals were executed 
in Sutfoik aione for supposed witchcraft, there were but two witches executed in 
Ba^and sifter the Eoyal Society published their Tranuaeiwu" A body which 
St once prosecuted researches on the theory of eclipses, the nature of comets» 
sad the causes of pestilence, could afford but little countenance to the wide- 
P|^read delusion which associated the last of these phenomena in some myste- 
rious concomitance with the two former. When even the scrupulous IJoylc had 
thought fit to give to oue of his scieutific treatises the title of The tScejitical 
Ckemi^ there could be not mudi hope for alchemy and its attendant fhtuds. 
In other fidds, too, &e habits of philMophical specuhition which, if the Roysl 
Society did not introduce it; at least eft'ectually promoted by influence and ex- 
ample, gave rise to reforms which, as Buckle remarks,* rendered the reign of the 
mean and spiritless voluptuary Charksi 11 one of the brightest epochs in the na- 
tional annals, with reference to laws then passed and principles then established. 

The seal of tiie Society for fnrthei-ing and stimulating experimental inquiry 
was manifested at an early period by the adoption of a resolution "that ench, 
of the Fellows as regarded the welfare of the Society should be desired to oblige 



*Hi0toiy of Civilisation In Eoi^aod, voiL 1^ p.S75. 
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themselves to entertain it, once a year at least, with a philosopbical difteoime, 

grounded upon oxporinnuits m;uTo or to be made ; ami in case of failure, to for- 
feit X5." This voluntary engagement on the ]»art of Fellows, deemed " able 
and likely" lo furnish such dibcourses, was at the some time made an imperative 
obligation on each member of the ezieting council. For one, the indemtlgable 
Hooke is reooxded in the jonmal-book as having prodneed new experiments 
and invoitions at almost ererj meeting. An agent was salaried to traverse 
Englatid and Scotland in search of zoological and botanical specimens, and this 
at a time when a default on the part of many members in the ])ayment of the 
weekly subscription had so crippled the re^ourcca ol' the Society aa to render^ 
even its existence precarioiis. An active foreign correspondence had contributed 
to seeaie to it an influence abroad scarcely inferior to that which it enjoyed at 
home, as was testified by the learned of Europe, among others by Leibnitz, 
Malpighi, and Leuwenhoeck, in the dedication of their works to the Socirtv, or 
a submiiS5?ion of their iaboi-s to its judgment. It is a coincidence not unworthy, 
perhaps, of notice, that about the time when " one Mr. Leuwenhoeck," as we 
find him called in the eonespondence, recommended to the notice of the Society 
his improved microscope, by the assiduous use of which he eventually arrived 
at the flLstinclion of being esteemed "the father of microscopical discoveries," a 
"poor Cambridge student," named Ifaac N( wton, presented to it his reflecting 
telescope, " the tirst perfect reflector kuowu, and made b^ the hands of Newton 
himself?'* Thus science was simultaneonsly endowed with the perfiscted means 
of realizing both terms of Cowley's poetical prophecy— the penetration alike 
*'of the crowds of golden worlds on high," and " the recesses of nature's imper- 
ceptible littleness." The presentation of the telescope was goon followed by 
the adoption of the inventor into the Society? the year 1G71 being the date of 
the accession of the great philosopher, destined, in the eloquent language of Dr. 
Young, ** to advance with one gigantic stride from this regions of twilight into 
the noonday of science." 

From this })criod the liistory of the Iioyal Society becomes ffioroughly 
interwoven with the general history of science that it is manifestly impossible, 
in a sketch necessarily conhued within the narrow limits of the present, to do 
more than touch upon a few prominent points illustrative either of the progress 
of the Society or of the knowledge which' it has cultivated. 

On the 8th of February, 1671-'72, Newton communicated to the Society his 
inveBtigations re?pectin^r " light, refractions, and color?, importing light to be 
not a similar, but a heterogeneous thing, consisting of difform rays." For theso 
discoveries the author received the " solemn thanks" of the Society, at whose re- 

Snest they were published in the Pkiloiapkieal Trantaetumt, being the first <^ 
fewton's productions which saw the light. His experiments hiS been mads 
in 16G6, when he was only twenty-three years of age. No sooner, however, 
was his theory of light g'vcn to the world than it wms vehemently attacked, 
both as regarded hia conclusions and the accuracy of the experiments Irom 
which they had been deduced; Hooke and Hnyghens appearing among the 
number of hia assaila n ts. So true is it> as Biot has remarked» that "by an* 
veiling himself Newton cbtamed gloiy but at the price of his repose." 



* N«wton*B telescope, says Weld, was the firat Teflectlng telescope directed to tibe heavens, 

though Jimies Grepjory hud previously (100!^) doscrihod the nianiKT of toiisti iic tliig one with 
two coucavo specula. Newtou perceived so great disadvantages in Ore (^ory'.s plan, thut, ac^ 
cording to his own statement, **he Ibnnd H neoesssiy to alter the design, and place the eye* 
pliiss at tho !?idc of the tube, rj^tJier than at the middle." Newton's nit'chauical labors led to 
\u» being go mutinies regarded abroad m a maker of telescopes, and wo find bim styled in a 
book of that period, Artifex quidam anglus mnniwe NmUm. It Is SQffgwtive to eonsider into 
what gip:aiUic proportions tho instrument cnncrniefod by the Cambridge Btiid. nf Ins bc€n 
developed under the hands ot Uersehel and Kutitio. Newton's first tel^cope is nine inches 
JMDgi tbsleoglliof IionlBoHse*SBiz4beksefl0ctorissisly Ibeb 
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In 1686 the MS. of Newtoa's fmrnortiil work, PkUosopkim KaHmrtdU Prtn- 

c^a MatJinnatica, was prcr^cntcd to t!ie Society; and being accepted wHh 
tLiiiik?, it was ordered *' that tiie printing of the book be referred to (lie con- 
pi'lrratiou of the council, and that it be put into the bands of Mr. llalh y to 
mke a report thereof." The council, duly eensiblc of the t^lendernesa of the 
BoeietT'e finances at that tfanc, were glad to dovolyo upon Halle^r. who agreed 
to accept it, the " business of looking after and printing the work at liis own 
cliar^'e." In the course of the preparations for that purpose, it became neces- 
sary for Hulley to inform the author that Hookc claimed to have ** «ome pre- 
tensions upon the invention of the rule of the decrease of gravity being recip- 
to^y as the squares of the distances from the centre," though he admitted 
tltt demonstration of the carves generated thereby to belong wholly to Newton. 
When apprised of this claim, the illustrious geometer determined upon the sup- 
presirinn of the cnthe third hook of the Princi})ia. " Philapophy," he said, "is 
such an ini]>ertinentlv liriirious Indy, tliat a man hud as well be engaged in law- 
suits as have to do with her. 1 found it so formerly, and now 1 am no sooner 
come near her a^ain bnt slie gives me warning." In the oontvoversy relative 
to hb optical discoveries he had written to Oldenburg : ** I intend to be no 
farther solicitous about matters of philosophy, and therefore I hope you will 
not take it ill if yon find me never doing nnything more in that kind." It 
required mucli remouBtrance ami enti-eaty on the part of IlaUey to induce New- 
ton to ahaiidon hid intention ol" suppressing the third book, De Systeniatt Mundi, 
witboat wbicb the celebrated work might have borne the title, De motu Cot' 
ponm Lihri duo. In view of all the circumstances it is difficult to deny the 
justice of the rcmnrk made in Ilegaud's J'Jssa?/ on the First VtihlicatKni of (he 
Principia, that "it is hardly j)rt?sible to form a sufficient estimate of im- 
mense obligation which the world owes in this respect to llalley, without whose 
great zeal, able management, unwearied perseverance, sdentffie attamments, 
and disinterested generosity the Principia miglit never have been published." 

Halley had been elected a Fellow of the Society in 1678, on his return from 
liis voyage to St. Ilelenfi, made chiefly with a view to astronomical obsei^va- 
tions, of which the fruit remains in \\m Catuloi^ns sttllarum amtmlium, but 
rendered subservient aUi* to the science of terrestrial magnetism, of which he is 
s^lcd by a high authority the iaAhvt and founder. '* To him," says Sir John 
Herschei, **wo owe the lirst appreciation of the real complexity of the snlrjeet 
of magnetism. It is wonderful, indeed, and a striking proof of the penetration 
and fac^ncity of tliis extraordinary man, that with his meanf of information he 
bliould have been able to draw such coucliisiouii, and to take so laige ami com- 
prehensive a t-iew of the subject as he appears to have done." Ilalley's com- 
BMndeatlons to the Society on this subject consist of a chart, the first of Its 
kiody showing the variation of the com pa.ss, based on the idea of employing 
nm'Cf di-nwn thrnngh points of eoual (h-erinntion, and of papers pTihli.-hed in 
the ISOth and )y5th numbers of the P/iilosopl/ical Tra7isar(i,,ns. ^in the last 
of these occurs a striku^ passage, iu wliich he expresses his belief "that he 
iias put it past doubt that the globe of the earth is one great magnet, having 
finir magnetical poles or points of attraction ; near each pole of the equator two; 
tnd that in those parts of the world which lie near adjacent to any one of those 
uwf^netical pok-s, the needle is cliiefly c^overned thereby, the nearest poles 
being always predominant over llie more remote." Amid the tdi'ort.s whicli aro 
now directed to this subject, it will not be uninteresting to observe with how 
nuieh modesty this early explorer defers the solation of his difficult problem 
to Utter times. " The nice detenninatiott," he says, " of this and of several 
other particulars in tlie magnetic system is reserved for remote posterity ; all 
that we can hope tn do i.^ to leave behind us observations that may be conllded 
in, and to propose liypotheses which after ages may examiue, amend, or refute." 
And he proceeds to urge upon all navigatom and lovers of natural truths to 

10 8 . ' 
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make or collect observations of this kind in all parts of ike werldi aad to com* 

miniicafi' ttioin jo tlio Royal 8nrirty, "in order to lonvo -j^ coraplote fi liirJtory 
as may be to those that are hereajler to compare all together, and to cofn^dete 
end perfect t/tis abstruse theory.*'' 

Another science vbicb at this era engaged the attention of the Society was * 
geology, or» as it was then tcimed, " the Natural Histoiy of the Earth the 
chief representatives of which, before the Society, appear to have been Dr. 
lyster and Dr. "Woodward. Of the former. Lyrll remarks : " IIo v. as tlie first 
who wns aware of the continuity over large distncts ot tlic j)viucipal groups 
of strata in the Jiritish series, aiid who proposed the coubtruction of regular 
geological maps." Woodward published an estfu} towards a Natural History' 
of the Earth, which attracted much atteaitiou and was elaborately reviewed m 
the Transactions. Dr. Whewell, moreover, has noted as ** one of the most re- 
markalde occurrences in the progress of descriptive geology in England, the for- 
mation of a geological museum by William Woodward as early as 1695. 
Tbis collection, formed with great labor, systematically arranged, and carefully 
catalogued* he bequeathed to the Univeisity of Cambridge ; founding and en- 
dowing at the same time a professorship of the study 'of geology. The Wood- 
"wardian Museum still sub8i^^t?, a monument of tlie pagacity with which its 
author t^o early Paw the importance of such a coliectiou."* 

All oUiciul connexion of the Society with the progress of astronomical obser- 
▼atbns resulted from its relations to the observatory of Greenwich (founded 
of .which, after having done much to sustain aiid advance it during the 
many years while it remained neglected by government, the Society finally 
became the formal directors or vii^itors by royal -warrant. Under this authority 
the Society arc required to exact irom the astronomer royal for the time being 
an account of the annual observations made, to inspect the instruments of the 
observatory, and to superintend and, if deemed pi^oper, to direct its operations. 
If, tlicrefore, so eminent an authority as M. Struvebas singled it out as a point 
well worthy of n^mark and eiicomiiira, that the asti"onomcrs of tliis illustrious 
observatf)ry have maintained one unchanged system or plan in their lal)or8 
during the long period from tlic origin of li»e eatabliahment to the present day, 
something of ^ia uniformity may reasonably be ascribed to its connexion with 
and suborditiation to a fixed and self-perpetuating body like the Boyal Society. 

The application of steam, m hich in our day has acquired bo astonishing a 
development, did not fail to find among the early Fellows of the Society 
at least one curious inquirer, -wliose speculations and projects are preserved in 
the Tramaetkms. Dr. i^ipiu, inventor of the well-known digester tor fcoi'leumg 
bones, and whose ''philosophical supper" prepared upon that plan may still be 
enjoyed "by the readers of Evelyn's Diary, is noticed in 1690 as having in- 
vented a method of draining mines by the force of " vapor," in which, though 
much was wanting to the practical perfection of the engine, the philosophical 
principle of the condensation as well as clastic force of steam is (ibservcd and 
pointed out. At a later period Dr. Papin commimicatcd to the Society an ex- 
tension of this prmeinle to the propulsion of boats '* to be rowed by oari moved 
with heat," and had the honor of having his project referred to Sir laaae 
Newton, from whom it received a conditioim approval.t 



* Woodward, whatever his scientific merit, seems to have been of an irascible tempera- 
ment He was expelled from the coaneil of the Society for imoltinj^ Sir Ham Sloane «ul . 

rcfusliip;^ to apologize. He foapfht n duel wiih Dr. Mciuf, ocoasiom d by a dispute, as Voltaue 
says, mr la manicre de purgcr un vuilude. Woodward s foot slipped and ne fell. "Take 
your life !" exclaimed Miiido. " Anythin«? bnt your physic," replied Woodward. 

tTliL' l.cttt'v known prnjcct of Siiv»Tv, w lio.sc :mc:5nt; \va.s able, through the introduction of 
a VHCuukii, to pertorui double the work of that devised, at a stiM earlier day, by the Marqma 
of Worcester, was exhibited before the Society ( ICO*.>, ) and the certificate grunted by that bod/ 
to the iu^nioTis cir *'iv<v, -(vas the mnnns of his obtaining ftpateut from the Crown Ibir tibs 
maQafacittu) of Hteain-ei^gmes. — Weld, I, 357. 
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While tlie Society was tlius pursuing its diTersified and prosperooB career* 
Ohaclee II, " founder and patron," htul died, having entertained no inter>. 

conrf»e yvith the lenrned corporation duriiif]^ liia later years, except to f^cnd it a 
receipt lor tlio ciiic of liydroplinlna, compounded, after the manner oi' that 

•time, of as many simples (agrimony roots, dragon roots, star of the earth, 
&c*« &c.) as coTud well be disposed of in one preparation. Lord Bronncker 
had resigned the preridency after fifteen years of acceptable service, and had 
been followed in succession by Sir Joseph Williams«on, (1G77,) 8ir Cliristopher 
Wren, (IGSO.) Sir John Hoskins, (1G«2,) Sir Cyril Wyche, (1083,) Samuel 
Pcpys, (1084.) Lord Carbery, (1G8G,) Lord Pembroke, (1689,) Sir llobert 
Southwell, (1G90,) Lord Halifax, (1G95,) and Lord Somers,. (l698.) The 
Society was soon to remote from the precarions quarters which it had here> 
tofore occupied to a house of its own in Crane Court, Stnmd, and, as appears by 
one of its Btatutcr^, had found reason to place ^oone farther restrictioii on the too 
indiscriminate and easy admission of Fcllowp. 

On the withdrawal of Lord Somers, in 1703, Sir lsa;ic Newton was elected 
to the piesideiioy, the duties of which he continued to ftilfil fbr 24 years with 
exsmpary punctoality.* His treatise on Opticks was now presented to the 
Society, a work prepared long t>efore, but which he had decided to withhold 
from jnihlication durinp^ the lifetime of Hooke. The remark suggested by the 

'*dcatii </f_ that abli? but mornpe and jealous man ot" science seems, therefor<». to 
be fully justilied ; La iSocitU y ^agnc jilm la geometric n'y p^rdj but, as 
if the sensithreneaa of Newton was doomed never to be freea from impor- 
tonato mohB8tation» the dispute respecting the autboiship of the Infinitesimal 
analt/sis Foon Bupcrvoncd ; a disjiutc in which Newton, indeed, maintained his 
usmU reserve, bat which his own partisans, equally witii tho?e of Leibnitz, con- 
ducted with so much asperity and prejudice that the contest might have seemed 
one of honor or interest between Germany and England.* At the instance of 
Leibnita* a committee was appointed by tbe'Boyal Society, in March, 1712, to 
dxaainc the evidence bearing on the matter in question, and, in April f«31owing, 
were submitted, in a report, the reasons whicli kd the committee " to reckon 
Mr. Newton the tirst inventor." That this did not satisfy or silence the parti- 
Siws of Leibnitz will be readily believed ; but at this distance of time we may 
acquiesce in the opinion pronounced by the historian of the Society, that 
Newton was the inventor of Fluxions as early as 1666, but that Leibnitz has " 
the merit of having firat given full publicity to his discovery of the Diiferentmi 
Calculus in 1673. "Had Newton done tLi^!," gays Mr. Weld, "a controversy, 
painful in its nature and unsatisfactory in its results, would have been avoided. 
Jiut all admit that he labored moi*c for the love of truth than of fame ; and 
, this is one of the reasons why Newton is the greatest of philosophen." 

This ^at man died on tiie dOth March, 1727, being, perhaps, the only uie 
who lias e%'cr lived wliosc rrenins and \ irtnef could i^ustain the exaltation of 
his epitapii : Sibi grantulentMr mortals talc f ant it m que exstitisse human i generis. 
He was succeeded in the presidency of the Society by Sir Hans Sloane, who 
bad long acted secretuy and vice-president, and whose merits as a botanist, 
habits oS business and omdal assidui^, l«^efv«d the council of embarrassment 
in a choice, even after Newton. Martin Folkes, (elected 1711.) Earl oi 
Macclesfield, (1752,) Karl of Morton, (1764,) James Burrow, (1768,) James 
West, (1768,) Sir John Priugle, (177ri,) bring down tlie succession in the 
presidency to the protracted official term of Sir Joseph Banks, (1778 — IbiiO.) 
There are points of interest, bowerer, in this long interval, upon which it la 
proper to touch even in so rapid a sketch as the present. 



*y>i. Arapo seems to have been willing to make France a third party to tLis mcmoruble 
competition, fur, in bis Notiut BiognraphiqueSt vol. Ill, p. bsiiit he brings forward the claims 
€f his country luau, Femiat oC TowouBe, as an earlier mventw of the Cakolna than either 
Hewton or Leibnita. 
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iVoxn an- early date the Sooiety Bcems to bsve labored under two especial 
causes of embarrassment : want of pecuniary means, arising chiefly from tlie 
failnro of mombcrw toipay the stipulrited contributirm, and a constant tendency 
to extend the iiouor ol raombcrship to persons whose pretensions were oi doubt- 
ful validity. We learn with some sui"prL?e that, while a few were occasionally 
exempted from the payment of the bidaII weekly oontribution, (among whom 
at one time was Sir Isaac Newton,) there were many others of ample means 
who suffered their liabilities to ncctimnlntc until the Soeiety, to which no 
doubt they prided themselves in bflonjiinLT, was i-educcd almost to the point 
of inaction. IS'or does it increase our i-espect lor this class of delinquents to 
find that when, in 1728, the Attorney General had given his opinion that the 
Society was authoriaed to sue for sudi arrears, and steps were taken for that 
purpose, the liabilities were generally di i ged and the Sociely placed in 
comparative ease.* The extent of the secoiid inconvenience may be .Tpprcciutcd 
from a saying ascribed to D'Alembert, who, in allusion to the extreme prodi- 
gality with which the honorti of the I'cliowship were distributed, used "jocularly 
to ask any person going to England if he desired to bo made a member of tlie 
Soeiety, as he conld easily obtain it for him, should he think it any honor." 
The necessity, therefore, for some additional rcfetriction being sensibly felt, the 
Society sought legal advice as to their powers in lliat rep^ard, find were adviserl 
that, while their charter did not appear to authorize them to liniii lia? Fellows to a 
certain ntunber, it clearly empowered them to describe and ascertain the quali- 
fioations of persons to be elected. A statnte was thereupon enacted, which haa 
since been steadily observed, by which it is required that all candidates* except 
peers and pome other privilc^^ed persons, shall be proposed at a meeting of the 
Society by three or more members, and that a paper signed by them and set- 
ting forth speciiically tlie qualihcations of the candidate, " shall be iixed up in 
the meeting-room at ten several ordinary meetings before the said candidate 
shall be put to the ballot." It appears that candidates were also expected to 
lead in a paper on the branch of sdence with which they were most conver- 
satit. 

Another l ul more occasional s iince of disquit^tude has been a jealousy 
sometimes maniiusted of undue inliuence or irregular procedures on the part of 
the presiding officer. This exhibited itself to some extent even towiprds New- 
ton in the course of the preliminary steps for the removal of the Society's 

Quarters to Crane court; 'but it broke out with excessive violence against Sir 
osepli Banks, in 1784, upon the alleged charge of improper interference with 
elections, and particularly of having iavorcd the pr( tensions of naturalists in 

£ reference to those of mathematicians. Groundless as this charge is shown to 
ave been,t and factions and overbearing as was the conduct of I)r. Horseley, 
who, with very slender scientific pretensions, affected the leadership of the 
mathematical party, this srhism not only disturbed the harmony of the Societyt 
but seemed for a time to threaten its stability. 

The influential part borne by the Society in the introduction of the reformed 
calendar into England mav- render an allusion to it in this place not irrelevant. 
By this change, which took place on the 2d September, ^752, <* eleven nominal 
days were struck out, so that the last day .of old style being the 2d, the first 
ioi new style (the next day) was called the 14th instead of the 3d. The same 



•Before the incorpomiion, t* ii sliilllups were required of members on the admission and a 
weokij Jjayment of one sliilliiig. By the statutes of 1663 tl»e initiatory fee is advanced to 
forty shillings, the weekly paymente remaining as before. In 1847 the former charge had 
become tfii jidiuuIs, and tin- wt ckly ctniti ibutlon Ixcn l OUverfiHl into an annual one of four 
iHiuiids, to be paid in odvuncc.. Liberty is given to compound for the whole py the payment 
m soma eosei, of ftorty. In othen of sixty pounds. 

t See Lend Broagliam's Uires of Phaoeophws, p. 383b 
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togislsHve enactment tfhixh estaUUlied the Gregorian year in England in 1752* 

Bhortencd the preceding year (1751) by a full quarter. Previously the eccle- 
siastical nnd legal year was held to begin with the 25[h March, and the year 
A.]). 1751 did fio accordingly; that year, however, wa3 not suflered to run 
out, but was sfu^)j)lantcd on the 1st of January by the year 1752, which it was 
ometed ahonld commence on that day, as well as CTeiy snbaeqoeat year."* 

The attempt to retrace here, even in tbe most summary manner, the philo* 
sophical labors of the Society would suggest a start iug contrast between the 
narrow limits allotted to this outline and the vast field which it would be neces- 
sary to traverse. How mere a catalogue of nam( s and of terms would Ijt; the 
result of any attempt to recall those achievements in every department of 
natnral science which have distanced imagination and rendered the fietions of 
poetry tame and ^^piritless in comparison I EJspecially woold this ho the case 
as we approached that wonderful era of discovery, the close of the eighteenth 
century, wliicli suggested to Cuvier the imposing retrospect with which he 
opens the Klogc of Haiiy: "The laws of a geometry, as concise as compre- 
wnsiTc, extended over the entire heavens ; the boundaries of the universe en- 
larged, and its spaces peopled with unknown stars; tho'conraes of celestial 
bodi(>s detemined more rigoronsly than ever, both in time and space; the earth 
weighed as in a balance; man soaring to the clouds or traversing the seas with- 
out the aid of Avinds ; the intricate mysteries of chemistry referred to certain 
clear and simple facts ; the list of natural existencies increased tenfold in every 
species, and their reiations iirevocably fi:rod hy a snrrey as well of their in- 
ternal as external stmctnre ; the htstoiy of the earth, even in ages the most 
iQiBotet explored by means of its own monuments, and shown to be not less 
wonderful in fact than it might have appeared to the wildest fancy : such is 
Ac grand and nuparalleled spectacle which it has been our privilege to con- 
template !"f And ui the realizatiou of each and all of these surprising results 
the Royal Society of London has borne its effective part^ielding to none in 
the refie<^ed lustre of its long line of brilliant names : its H!erechela» Bradleys, 
M.iskelynes, Youngs, Priestleys, Daltous, Watts, Wollastons, Davys, Buck- 
lands, Murchisons, Faraduys, and Airys. For, as th(5 illustrious savant just 
quoted hjis elsewhere said with equal force and generosity, *' The philosophers 
or England have taken as glorious a part as those of any nation whatever in 
the lalrars of the intdlect which are the common heritage of tbe civilized world ; 
thpy have dared the ices -of either pole, nor is there any nook of the two oceans 
which th(?y have not visited ; they have multiplied tenfold the catalogue of the 
kingdoms of nature; by them the heavens have been made po])ulous with 
pluuets. satellites, and stupendous phenomena ; they have counted, so to say, 
tbe stars of the galaxy ; if chemistry has assumed a new face, the fiicts whidi 
Aeyhave fhrnished have essentially contributed to the' transformation; to them 
We arc indebted for inflammable air, pure air, phlogisticated air; they have dis^ 
covered the decomposition of water ; new metals in large number have sprung 
from their analvses ; by them only has the nature of th(^ fixed alkalies been 
■emonstrated ; finally, at their voice, mccliunica has become pregnant with 
■hticles, and placed their country above all others in^nearly every species of 
inductive industiy.'t 



* Hei-schel's Astronomy, p. 413. So great was the popular repugnance to the changn of the 
*t;le or calendar, that the uiob pnrsaed the minister in his carriM^ clamorine for tbe da^ 
fcy which, as they supposed, their lives had been shortened ; and tne ilhiess ancT death of tns 
istrononier Bradley, who had assisted the government \\\\\\ Ins ailvice, attillnit((l tea 
JDidgiDent from heaven. It is also related imX when the grandson of Lord Macciestield, who 
Hkewisc been prominent in effecting the change of style, was standing a contested eleo> 
t>''ii for Oxford, the mob insulliiin;! y ciillod out to him, "Give US bsck, JOU lafCSl, thow 
^vea il^g which your grandfather stole from us." — WM, 

ifieaSmithfloiiianBeport, lb6U, jremoir^Brtff. 

\ Cuvier, £bf» of fiir.Joieph Banks. 
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Among tbe ineentives nnd rewarcls of seientifie reaearcl^ employed by tile 
Society are three mcdal^^, derived from funds bcqucatliod or granted for that 
purpose. Ist. The Copley medal, tin" *"n:ir of a lo^i^acy bequeathed in 1709 by 
8ir fiodfrfy Copley, and termed by tSiv lluinj)!ir( y Davy "the ancient olive- 
flown of the Koyal Society," bciug regarded as the most hofiorabie within its 
gilt. This has been annnally afrarded, with a few jntorvals, aince 1736i in 
conformity ^v ith a resolution then adopted by the Society, ** that the medal 
should be adjudged to the author of the most important scientific dif^coveiy Or 
contribution to science, by exporimont or otherwise." It cannot but 1)p pecu- 
liarly «rratifyiug to aa American to liiid ihat when, in 1753, on tlic (1( atli of tlie 
surviving trustee of the legacy, the adjudication devolved on the preiiideiU and 
.councO for the time being, the first award of the medal was made to Dr. 
Franklin* On this occasion the Earl of Macclesfield, in his address a» presi- 
dent, stated that the council, " keeping steadily in view the advancement of 
science and useful knowledge, and the honor of the Society, had never thought 
of confining the bciitfuclion within the narrow limits of any particular country, 
much less of the Society itself." The money value of this medal is five pounds, 
and it bears as a legend the motto of the Society, Kidliiu m verha. 2d. The 
Eumford medal, derivt^d &om the interest of a mnd of d£l,000, given by Count 
Ilumford, in 1796, for tlio purpose of promoting: di?coveri( s in heat and light. 
Q'ln? premium is dn]»licate, consisting of two pieces struck in the .same die. the 
one ut gold, the other of silver, and by the terms of the gift is to be awarded 
** once every seeond year." Tbe device on this medal fa a tripod with a ftune 
upon it, and the inscription from Lucretius, Ntm^e qm<B via ct causa. It is 
gratifying to note that the first adjudication of this prize was justly m'ade to 
the founder himself, "for his various discoveries rcfpcctinf^ light and heat," 
while the names of Mains, Fref5n<'l, Melloni, and Bior, among later coin])eLiioi-8, >, 
show that this, too, is freely accorded, to foreign merit. 3d. The lloyai medal, 
which, again, is duplicate, consisting of two gold medals of the value of fifty 
gniD( as each, a beneficence ])rojccted by George IV in 1825, though not actually 
realized till the reign of Lis sncce>'?or. These medals, bearing on one side the 
likeness of the rei^Miing monarch, and on the reverse the fipire of Sir Isaac 
Newton, with emblematicid accompaniments, are given for such papers onli/, ou 
important and completed discoveries, as have been presented to the IjLoyal 
Society, and inserted in their TVamtacHong. Here^ also, the distingnished names 
.of Stmve, Encke, Mitscheriich, and De OandoUc, in the list of ndpieuts, ap- 
prif>e that this recompense has been liberally offered to the oottpetitioii of 
all countries. 

The subjects for which these prizes iiavc been awai'dcd are almost too multi- 
fimous for classification, and afibrd no indifier«it criterion of the astonishingr 
progress which has been made " since the day when the foondeis of the Boyu 

Society went forth to collect May dew for its supposed cosmetic virtues, or with 
the Virgvla dirifta in penrch of the hidden treasures of the earth.'* Yet those 
early inquirers aie perhaps not less entitled to honor for the fidelity and hero- 
ism (for heroism it was at that epoch) with which they adhered to experimeut 
amidst the difficulties and obscurity which snnounded Uiem, than those who, 
following; themi iu the useof the same irresistible instrument, continued to press 
forward with firmer and more rapid stej)s in the pursuit of abstract science, as 
if conscious that in that and its applications rested the sole hope for mankind of 
any leal and sustained progression. Kor uin either of the two classes cited 
justly claim pre-eminence over the intrepid explorers of to>day, who, undeterred 
by the seemingly exhaustive reseai^h to which the heavens and the earth have 
been subjected, still lifl their minds to new and mightier enterpriser^, and, having 
encircled the entirc globe with observatories and observers, shrink not from 
grappling with problem? as subtle and inconittunt aa magnetism or tbo winds, 
and vabi as liic £>ecular movements of suns and constellations. 
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'When we reflect." says Mr. Weld, "on tlie benefits contcrrcd on mankind 
by the Jidcoveries of uiodciu «*cicnce, Euglialimeii must I'eel an honest ^l ide in 
'tM fiwt that so hitge a proportion bave emanated from the Fellowa of the Boyal 
Society. Nor will that pride l»e diminishedi when it is rememL i 1 that m>za 
&8t to last the Society has received no annual pecuniary support from govern- 
ment, nor assistance of jui}^ kind, beyond the grant of Chelsea Collcfrr', shortly 
alter their iucorpoiatiou, and more recently, the use of the apartment they now 
oeenpy in Somerset Hoiwe.* While the members of the French lustitute re- 

* celve a yearly stipend, the Fellows of the Koyal Society pay an annual sum for 
the support of their institution and the advancement of science. It would be 
repnj^nant to llie fetlhi^s of Eii<;lislimcii to submit to the regulalionf) of the 
institute, wliieli r('<juirL' oliiciul addn'->^rs, and the names of candidates for ad- 
mission into their body, to bo approved by government before the first are 
delirered or the soemid ekcted. The French tawau are, it is true, ennobled 
and decorated by orders* which the wiser among them, in common with true 
philosophers of any country, regard with indiffiereDce. Nobly did Fourier say 
of Laplace: ** Posterity, which hm bo many particular. s to Ibrget, will little care 
wlietlier Laplace was for n short time; minister of a great state. Th(; eternal 
truthb which he has discovered, the immutable laws of the stability of the world, 
are *of importance, and not the rank which he occupied.'' 

As a consequence of this jndependenc& and self-support, it was necessary that 
the Royal Society should be numerous, and by a consequence not Ics,'? necessary, 
as (juvier remaiks, " that, as in all political associations where the participation 
of the citizens in the government is in iuvei-se ratio to their number, those to 
whom the Society iutruBts its administration should exercise over its labors, and 
to a certain extent over the course and progress of sci^ice, an influence more 
considerable than can be readily conceived of by the academies of the conti- 
nent." That the Society has been fortunate in the zeal and ability of those 
calh (1 to jireside over it, will have been observed in the eourse of the preceding 
sketch. It remains to be added that, on the death of Sir Joseph Banks, in 1820, 
the chair was for a short time occupied b^Br. Wo]la8ton,t followed in the same 
year by Sir Humphrey Davy ; by Danes Gilbei-t, in 1827 ;J the Duke of Sus- 
sex, in 1830 ; the Marquis of Northampton, in 1838; Eail of Rosse, in 1849 ; 
Lord Wrottesley, in 1854; Sir Benjamin Brodie, in 1858; and Greneral Sabine, 
in. 1861. The latter still worthily occupiet, the chair. 

As something has been said above of linancial embarrassments at an earlier 
period of the Soci( ty, it is gratifying to state, on the authority of Ur. Weld, 
referring to the year 1848, that this condition of things is wholly changed; be- 
sides certain tracts of land, the Society then In ld in tlu; public funds upwards 
of ,£33,000 ; itrf ineonie being derived from rents, dividends, annual subscriptions, 
admission fees, compositions, and sale of Tramactions and Pro'jeeding*. The 
number of Fdlo^Sy at the same date, was 821, of whom thirteen were nonorair' 
and forty-seven foreign. The librarr of the Society, then containing upwards 

• «f 40,000 volumes, is extremely rich in the best editions of scientific lH)ok8. 
Fellows arc allowed to borrow books under certain regulations, though still more 
use is made of the library tor purposes of reference. 

The sessions of the Society commence in November and continue until June. 
At the ordinary meetings, after the usual preliminaxy business, one of the sec- 
letanea announces the presents made tolhe Society, which are so numerous that 



* will t her the Society xemored In 1780. 

tin rilLience. to (he oxtraordmary tact and acnteness of Wollaston as a physicigt, it was 
said hy MugeuUio that ''his heaiiug wuh ho fino bo, piigpht have bcon thought to be blind, and 
Ids Bight so piercing he might have been supposed to be dea&'* 

tMr. Gilbert will be remensbercd hy Amr i i' aus as baviiii^pnilioaiicedtheeulogyon Slllilb 
sou, contaiued in the iirst SiniLb^oQiuu Amnial Jii^port. 
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their titles fill, on an average, two folio pages we^y during iho 

Ccrtific-.'Ucs of candidatof! for election are then rend, and next puch paper or pa- 
pers Uff; may have been conimuuicated to the meeting;. For then^e papers formal 
thanks are returned, and they become theiicelorth the pi*opcrty ol" the Society. 
DisensBion on the subject treated of in the paper follows, after which the meet- 
ing is adjourned, and the Fellows repair with thdr friends to the library where 
they paitake of tea, a custom hitroduccd, it is stated, by Sir Humphrey Davy, 
A confcrmzione ensues, which lasts until nbout eleven o'clock. The council 
meets monthly, or more frequently, if necefsnry. The fcientifie committees 
assemble as occasion requires. Those uunually appointed aie ; ^lathemutics, 
astronomy, physics, chemistry, geology, botany, zoology, and animal physiology. 
The number of members varies from fifteen to thirty, the latter number repie* 
BCntinp; tliat of pliysict* winch is the lar^j^est. Tin; rJi'iJosopJiical TrrmaactioM 
are genevaliy publisluHl in two parts, (Jniic ntul November,) ^v'hich form a vol- 
ume, though occasionally a third or even a lourth part appears. Besides the 
Tran»aetwnst abstracts of the papers and minutes arc published monthly, and 
these, now extending to more than ten TolnmeSi ave e&tltled Frooeedrngs of the 
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A BBIEF SKETCH 

OF TAB 

MOD££N Tfi£0£Y OF CHEMICAL TYPES. 



BY CHARLES M. WBTHBRILL, PH. ]>., M. D. 



After the electric cuncut had been applied to the decomposition of iuorganio 
bodies, and it had been dtseovered that hjdro^en, the metala, and the bases 

appeared at the negative puk\ while oxygen, chlorine' and the adds werft mani- 
fested at the positive pole, the assumption that electrical attraction was the 
bond of union in chemical combinations was very natural, and the electro- 
chemical theory growing out of these experiments became speedily adopted by 
chemists. The theory explained satisfactorily all known phenomena ; it gained 
additional support from the dlscoTery that the chemical elements and com- 
pounds were separated by electricity firom their combinations in the rnlio of 
their equivalents. In thnfie days it wap fi<??nmocl, and at tlif proscnt time it 
is manifest, that any theory not embracing organic as well &.< iu<>iganic com- 
punds would be untenable, and hence arose the radical theory, iirst applied 
to ino^anic salts, but afterwards thoroughly studied and deyeloped in respect 
to organic compounds. 

As the present sketch is intended less for chemists than for others vrho may 
be confusifd at tlio appearance of the formulae of organic compounds given in 
modern chemical essays, the author may be pardoned in citing facts and 
formula} trito to chemists. He would also take occasion here to accredit to the 
I<ehrhuch of Graham Otto many of the illustrations, as well as some of the 
arguments, employed in the present sketch. 

The nature of electrical attraction renders the idea of hinary compounds in 
cl urn is try imperative* if we assume that electricity is the bond of union in such 
compounds. 

Berzelius imagined the elementary atoms laden with electricity and with 
positive and negative poles, but so that in the atom of one element the positive 
electricity predominated, whQe in that of another element the n^ative elec- 
tricity was in excess. Tlii- ^^xf-f^is of ( -f or—") f'loctricity communicated its 
characters to the element, making it positive or negative. It' two atoms of dif- 
ferent electrical character are brought suiiiciently near to each other, they 
nutoally attract each oUier, fdrming a compound atom, which is itself positive 
or negative according to the pi-edominance of one kind or the; other of its 
tl« ctricity. The new compound atom was, therefore, susceptible of further 
attifiction by another compound atom of different electricity, and so on, the 
aitraciiou becoming weaker as the compound atom btxomes more complex. 

Ampere iiuagiucd the atoms of positive elements to have positive nuclei' with 
iiegative atmospheres or envelopes, and atoms of the negative elements to hAve 
iicgattve nnd^ and positive ravelopes. Hence a positive and a negative atom 
Qpon coming together would mntually polarize each other; the -\- and — E of 
nucle3[ would draw them together to form a compound, and the E of 
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their rcBpcctivc cnvclujx .s would be driven oft' and combine to produce ihe 
electrical phenomeita always attending chemical actioD.* 

According to thifl view all chemical compoundB arc binary; they are 
capable of being decomposed bj the electric current, which attracts tht: atoms 
from each other according to tlicir character, the positive appearing at the 
negative pole, the negative at the poijitive pole. 

In writing formula? the positive atom or atom group is placed BEPORR the 

i - + - + — 
negative one, til : KO; SO3; KO, SOy.t 

The most complex iormulaj are couditructed according to this binary method. 
In alum^KO iSOs + AI2 O3 3SO3 + 24HO the sulphate of potaasa atom 
18 positive, and united to an electro'negattve atom of sulphate of alumina to 
form a still more complex atom of positive character, which is united to the 
ncfj^ative group of atoms 24HO. When, however, the atom becomes so com- 
plicated, it is difficult to determine the electro-chemical character of its immc- 



* For views m to polarity in chemical coinpounds, see the excellent treatise upon the cata- 
lytic force, by T. L. Phipson, Smithsonian Report for JH62, page 3^©. 

t the t'lJiiVfiiicncd of those whose incniorv may refreshing an to chemioal 

sjmhohi and cumbimng t^uautitieii, or atomic weights, we subjoin the following table. 

SYMBOLS. AND PROPORTIOKAL NUMBERS OF THE ELEMENTS. 

(From OdHmg't Mmuul Ci»m$$trg, ) 



Fl 
CI 
Br 
I 

O 

s 

So 
T 

N 
P 

As 
Sb 
Bi 

C 

Si 

Ti 

Sa 

Ta 

B 

Li 
Na 
K 

Ca 
Sr 
Ba 

a 
y 

Th 



Hydxogeii 1 

Flnorine J9 

OMoriuo 35.5 

Bromine ........... ...... 80 

Iodine 137 

Oxygcu Jd* 

Sulphur 38* 

Selenium 80* 

Tellurium 128* 

Nitrogen 14 

Phosphorous 31 

Arsenic. 75 

Antimou J, (StUtium) ; 120 

Bismuth 208 

Carbon J2* 

Silicon 88.6* 

Titanium 48.5* 

Tin, (SttmHum) 118* 

Tantalum.... 138* 

Burou 11 

Lithium 7 

isudium, ( Natrium) 23 

PotaMituD, (Ktdkm) 38 

Calcium 20 

Struntium. ..•..,•«••.«.... 41 

Barium 63.5 

Glucinum ............ .... 4.7 

Yuhum 32 

Thonnm 68.5 



Mg 
Zn 
Cd 

Cr 

Mn 

Fe 

m 

Co 
Cu 

Al 

Zr 

Ce 

La 

D 

U 

Mo 

Vd 

w 

Au 

Ro 

Ru 
I'u 

Pt 
Ir 
Os 



Magnesinm .......... — IS 

Zioc 33.6 

Cadmium : 66 

Mercury, (Hydrargyrum) .. 100 

jAiAil, ( Plumbum) 103.5 

SUver, (Argeutmm) 106 

Chromium 2G 

Ma{>;anes<* 27 

Iron, ( Ferrum ) 28 

Nickel.. 29 

Cobalt. 30 

Copper, (Cuprum) 31.7 

Aluminum ................ 13*7 

Zircon'nim 33.5 

CctIiiui 40 

Lanlhauum... 47 

Didymium 48 

Uranium 60 

Molybdenum 4% 

Vanailium _ CS. 5 

Tugsleu, ( lioljram) ....... ihi 

Gold, (AwruM) 197 

Rhodium.. r>2 

Kiidutiium 52 

rullaJium 53 

PlftUnum 98.5 

Iridium 9a 5 

Osmium 99.5 



to 



to tlia ^pe flMoiy, 
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diate constituents. In tlio above example the 24HO may be driven off by bent, 
but not hy electricity t«iiuply; and from other con8ideratiou8 it is impossible to 
decide Irom analysis alone whether water is an acid or a base, as it posscssea, 
meording to the iuhttanee vith loAiieA ii ii eomhmedt each of these coflracten ; 
iu oil (if vitriol it 18 a base HO SO3 ; in hydrate of pota^sa, an acid KO HO. 

There is still another method of imagining the grouping of the atoms in a 
complex atom to form a bioary compound. This involves the ebsence of the 
radical theory. 

SO3 does not redden litmus nor form salts with bases ; its compound with 
HO (oil of vitriol) possesses this property. We may imagine this acid to be 
HO, SO3, accordini; to the principles just laid down ; or to be H SO4, a binary 
compound, in \\ liit-li Hi.-' I- and »S( )4 is — . 11' for li y(lrop:en we substif uto potas- 
sium or any metal, M*e will have ^uijjhate of ])ota.-^sa or the salt con-e-])ondinf^ to 
the metal. SO4 is, therefore, a compound radical in the sense in which the word 
has been employed in chemistry, although it has not been isolated. When 
water and anhydrous sulphuric acid are brought together, this compound radical 
is genemted by the decomposition of water in the manner illustrated above. 

It is, however, more particularly in the case of the bases that the theory of 
compound radicals ha^ been develojjcd. * 

The example uf ammonia illustrates an inorganic compound radical; if, in- 
deed, it may at present be called inorganic 

The gas ammonia NH3 (in a manner analogous to that of anhydrous sulphuric 
add) acquires basic properties only by the action of water; NH3, HO = NH4 0. 
NH4 i^ the compound radical, ammonium. It he.» never been isolated j it is an 
hypoihetical group of atoms playing the part of. a metal. 

The following table illustrates the parallelism existing between compound 
and simple inorganic radicals : * ' 

Comp. radical nminoQla. Simple radical potana. 

+ - . + - 

NH4 + 0 ■) Oxide. • C K -h O 

NH4 + S I Sulphide. J K + S 

NH4 + CI f Chloride. \ K + CI 

NH4 + SO4 3 Sulphate. (. K + bO^ 

. When organic chemistry began to be developed* the compounds first stadled 

were tliose containing different proportions of carbon, hydrogen, and oxygen, 
together with a lew containing nitrogen. These were studied in their analogies 
to morganic compounds, and the assumption of a huge number of organic 
mdleals became imperative. For example, if ether (0« H5O) were the oxide 
of a radical (O4 U5) called ethyl, the compounds of eUier could be brought into 
comparison with those of oxides of the different metals, (C4 H5,) being a con* 
pound organic radical^ which group of atoms plays the part of a metal, thus : 

Bthyie - (C4H8) 

Ether (C4H5)0 

Aleohol ««•.••..*••••• (C.II;,)0, HO 

Chloride of ethyle.... (C4li5)Cl 

Nitrate of the oxide of ethyle (C4TI5) 0, NO5 

Acetate of the oxide of ethyle (04ll5)0,(C4H3)03 

Sulphate of the oxide of ethyle (C4H5)0, SO3 

Sulphovinic acid (C JI,)0, SO3 -f HO. SO3 

Sulphovlnute of the oxide of sine ((J4H»)0, 1303+ ZnOSO) 

Potassium K * 

Potassa KO 

hydrate potaasa *. KG, HO 

Chloride potassium KGl 
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Nitrate potassa KO, NO5 

Acetate potaspa KO, (C4Hj)0j 

Sulphate potassa KO, SO3 

Bi-sulphate potassa KO.SOa 4- HO, SO3 

Sniphate potassa and sine KO>S0b + ZnOf Sbj 

Upon tliis priJiciple, niul notwithstanding the fact that for a lonjr: timo the 
organic radicula were entirely hypothetical, the development of organic radicals 
went pari pa^su with the study of oi^;axiic compoimas. The following lllus- 
tiation shows how the organie adds were snbjeeted to the radical theory. 

Acetic (02H)03..., with radical ncetyle (C2II) 

Propionic {04H:,)O3 " propyle - . . (C4II3) 

Butyric (CoII,)03 " butyle .... (CgH,) 

Valerianic...*.. (CttH9)0, « valylo (CioH»») &c 

The theory is so simple, so well known, so satisfactory in the e^jpianation 
of the phenomena to which it is applicable, that the reluctance to aMndon it» 
especially by chemists educated under its influence, is natoxal. That it has 
been attacked vigorously* and almost to its fall* is owing to the present great 
^vcalth of chemical componndB, nml the discovery of phenomttia which cannot 
rca'lily, if at all, be bronj]^ht in pul)jection to it. 

Daily the realm of chemistry is extending, and the boundary line between, 
organic and inorganic componnds is becoming more and more Indistinct. If to 
the atoms of carbon, hydrogen, oxygen, and nitrogen has been assigned a 
greater facility of mutual chemical attraction, the reason lies less, perhaps, in a 
peculiarity of the nature of these ntnm?, than in the kind of cxperimentFs to 
which thpy have been suhjectetl. Continually, elements formerly called in- 
organic are abided to organic compounds, and it is not too much to expect that 
the same chemical attractions exist between all of the elements as between 
0, H, O, and N inter ilUs. If the right of combining, in indefinite number of 
atoms, the original organic olcmcnts, gives rise to so many changes, * i. c, com- 
pounds, wliat would it be if each of the sixty-four elements could play an equal 
part with these? 

' The number of possible chemical compounds would approach infinity, and 
oould only be conceited by the aid of comparison. It would be no exaggeration 

to compare their number with the distance from the eailh of the fixed stars ex- 
pressed in feet, or even with the diameter of that great orbit in which our solar 
system is supposed to be moving. 

It is true that theories are not formed to meet future wants ; but, nevertheless, 
a general consideration that the radical theory was becoming daily insuffid^t 
for the rapid increase of diemical facts, urged uioughtful men to invent a theory 
which should, at least, generalize chemical compounds, and bring them into the 
proper order and connexion to render their more perfect study possible. A 
satisfactory theory has not yet been invented, and chemij^ts are loath to aban- 
don totally the electro-radical theory iax that of types pure and simple. 

While me radical theory was in arexy flourishing condition, certain newly ob- ' 
served phenomena demonstrated that we could substitute electro-negative chlo- 
rine for elt'Ctro-positive hydrogen in a compound without changing tlic chemical 
character of the body to a great extent. Thus, by t!ie action of chlorine (CI) 
upon defiant gas, (O4 H^,) four Dutch chemists had many years ago discovered a 
peculiar compound, which has received the name of Dutch liquid, and whieh 
has the composition C4 H4 01». When upon this body the action of chlorine 
was continued, supported by sun light, it was discovered that a series of liquids 
could be obtained having the same character as Dutch liquid, but di^Eering in 
that the hydrogen was replaced atom by atom by chlorine, thus : 



4 
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Dtitcfa liqnid CJSUOk — {C;a4)0U 
iBi substitutiou GiHjCU = (^0* | qQgI» 

2d « C4HaCl4 = (c4|"Quia 

3d " O4H CI5 = (O4 1 ^IJCI, 

4tL - ^ (C40l4)Cla 

. If upoD the members of ihis series an alcobolie solution of potassa act, one 
eqoiyalent each of hydrogen and chlorine is separated, and we obtain the fol- 
lowing componnds: 

Prom Dutch liqnid C4H4CI2 we obtain | 

Ist substitution O4H3OI3 04^^^^ | 

«2d " OACU « 04^^, J 

3d « C4HOI8 •* C4CI4; 

which demonstrates tliat in Dutch liq^uid and its chlorine compounds the latter 
etonent exists in two conditions : one in which it takes the place of fajdrogen, 
atom by atom, and another in which it unites with carbon and the compound 

atom thus formed. In other words, the negative atom of chlorine drives oat 
and takes the pbxce of thn positive atom of hydrogen. To biinjr these phe- 
nomena in accord with the former electro-chemical theory, ^vo would have to 
assign to the atom of chloriae a prepomlerating positive and a negative charac- 
ter at the same time, which was deemed inadmissible. 

The same difficulty occurred with respect to the negatitie atom oxygen, to 
nrhich, according to 8ome» a place had to be assigned sometimes inside of the 
poiitivc radical. 

The behavior of acetic acid with chlorine gas in sun-light affords a strik- 
ing example of the substitution of CI for H. By this reaction, from C4 II4 U4 
(acelic acid) there arises, by the substitution of chloHne for hydiogen, cUor- 

acctic acid, ^| | ^ '"^"^ between the two acids there is a <i,'r(;at chemi- 
cal similarity. They each tiaturute thi- aame amount of base, and when acted upon 
by the same reagents, give rise to analogous products. Thus, by heating with 
excess of alkali, acetie acid becomes carlranic add (2 C O2) and light carburstted 
kydrogen, (O2 H4,) while by the same treatment chloraoetie acid becomes 

and C2 I or chloroform, which ma}-^ be regarded as light carburettcd 

hydrogen, in which a portion of the hydro2;en is replaced by chlorine. By the 
action of nascent hydrogen, chlonicetic acid is regenerated to acetic acid. It 
is true that these alfficulties might be reconciled by the assumption of both a 
negative and positivt* cliaraeter being assumed under different circumstanceiT 
by the game atom. This must be done in certain instances to bring the mod- 
ern type theory in accord with the electro-chemical theory, and, indeefl, the 
experiments of Schounbein upon ozone, and the pheuomoua of the action of 
•^rtaln bodies in the " nascent" state, would r^der this assumption not un- 
^cly; but the immediate result of the experiments cited was to hold the 
electro-chemical theory in abeyance, and to develop the theory of types. 

The first typ(; theory was a theory of the classificafion of clu uiical com- 
pound^f, and wa:< nnaiogous to the natural history system of elasdiiication into 
<itders, geng^a, and species. There was a "molecular" or "mechanical" type 
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whieh coiTesponded to the " order ;** a " cliemical*' type to the '* genns and 
the various memben under the 8ame chemioal type eoiresponded to the 

"species." 

Compounds of the game inokcular type consisted of the same number of 
atoms ; but not in binary groups, as the eleetro-ehemioal theory required. 
■ Under each tiiolecaUr type were the chemical typei» contisting of the same 
nmnbcr of atoms (as before) but similarly arrang^ The iDdiridnals of the 

same chemical type consisted of the f?:ime nnmher of atom?, similarly arranged, 
but differing in the kind of atoms. The following example will illustrate the 
theory : 

HOLSCOLAR TTPB OP TWBLVB ATOMS. 

iBt ehemhsal type i j^ff"" ' ' : T ii*^ \ chemical 
An vuvoMusiu i,jpo ^ cjiioraceticacid. C4 CI3 HO4 f type. 

2d chemical type i d'""*'"^ 9.*l\'^J' \ 1°^^^^°^* «^ ^d chemical 
eu wrauwM ) Mercaptan C4H8S2 j type. 

The^o nil bi long to the same molecular type of twelve atoms. Tiie first 
two and the last two belong, respectively, to the same chemical type; the atoms 
are regarded as being simusrly arran^^* d, becanse acetic and chloracetie aoids, 
on the one side, and alcohol and mercaptan on the other, bear a great analc^y 
to each other in their compounds and in the products of their decomposition by 
thn pame renp^ents. Tlie following method was adopted for writing the for* 
molsQ according to this theory : 

Aceticaeid ^*h'}^* 



Chloracetie acid O4 J O4 



Acetate of potaaaa ^4^=^104 

Acetic ether < .... ^*(C^)}^* 

Chloracetie ether C« j^^j | O4 

The following contain Cs Ha O4, hat the atoms are arranged diflferently . 

Bntyricacid ^»h'}^* 

Acetic ether } 

Plopionateof methylp Cs (^q^^^^ | ^4 

It will be observed that chlorine, in tlio typo, takes the place of the wpper 
hydrogen atoms and potassium, and the radicals the place of the lower onea, 
thus indicating the different nature of the several hydrogen atoms in the type; 
and, further, that this theory was obliged to assent to the idea of " radiealv* ' 
namely, groups of atoms playing the part of single atoms. 

Tlic typi; theory met with many supporters, some of them the best thinkers 
which have enriched modern chemistry; it met with many variations, some 
of which penetrated far into the realms of fancy; but it would probably have 
fallen into disuse had not the discovery of the compound ammonias directed « 
&e attention of the chemical world to this method of imagining the eonstitation 
of chemical compounds. 

At the atirae time that attention to this suhject was arrested, homologous- 
aeries were discovered, (by a type theorist,) and importiiut law^ with respect 
to Lhcm, such as the relative boilmg points of their members, theij^ vapor den- 
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ifty, atomie Tt>liim«, &en became known ; <mt of which aceeasioiiB to oar hnowl* 
edge \Ta8 developed the modem type thonry. 

Tiie componnd ammoniiis are bnscsi boarinp^ a rory f^oat analo^rr tn nrnTTio- 
pia, tlieir salts hc'mg; stiictlj analogous, liy the. lurmer radical theory it would 
be impossible to assign to them satisfactory toi-muke ; but by tho assumption 
tint they are eonstititted after the pattern or type of ammOBia, their fonnid» 
become Tery simple. Th^ are ammonias, in which one or more atoms of hy- 
drogen axe replaeed by one or more ladieals, thne : 

H 

l^e II ^ N = Ammonia. 



Etliylamlne. 
(C4H5) 

H ^N. 

H 



Diefhyliimina. 



{04X15) 

(OA) 
H 



Trir."tljvlfim!ne. 
(O4H5) 
(O4H5) 
(C4H,) 



line. 



Tbc laws alluded to above which enable a more ooneet conception of the 

chemical constitution of bodir^; arc as follows : 

1. The law of epen atoms. — i'be remarkable fact has been discovered that 
(the eqivalents of 0 and H being 8 and 1) by for the greatest number of 
organic eomponnde contain an even number of carbon atoms ; farther, that the 
imn of the atoms of hydrogen, chlorine, iodine, bromine, nitrona oxide, (N O4,) 
aitroj^en, and mrtal is an even nnmbcr; M liich is also true for the snm of their 
oxygen and sulphur-atoms. For example, in Benzoic acid Ch Ilg ()i the number 
of carbon atoms is an even number, and so is that of the hydrogen and of the 
oxygra atomfl. 

2. Tke law of oiamie volume. — The greater portion of organic compounds ex* 
pnience in the vaporous condition a condensation daring the combination of 
their elements to four volumop — in other words, in the state of vapor their 
atom occupies four times the volume of au oxygen atom. This law, it will be 
remembered, is seen by comparing the quotients arising from a diviisiou of tho 
etpuvalents of compoands b} the specific gravity of their yapors, and gives the 
result that the atomic volume of the atoms of the elements and their compounds 
bear a simple relation to each other, as may be seen from the following,table> 
which ifl qooted from its bearing upon tho typo theory : 



KamMof bodiflg. 



iSnlphur 

■ 

Phuspliorus ---«•- 
Uydrogea ...... 

Ktrogon . ........ .... 

Chloiino 

Brominft. ..,,,..„,,., 
Iodine .r... 

Water 

8alphuxeUod hydrogen 

Carbonio acid 

Protoxidr of nitrogen. 
DeaioxiUe of uitrogeu. 
HydroeUoric acid . . . . . 

AmmoTiin , 

CLloiide of ethyie. 

Acetic acid -., 

Valaciamue of etliyle. 



SymboL 



8 



P 

N- 

CI 

Br 

I 

HO 

H8 

CO4 

NO 

NOa 

HCl 

NH3 

Ho CI. 
C4 II4 O4. 
CuHu04 



Division of the 
tiiuiv. by the 

■p. gr. of vapor. 



Relative atomic 




2.41 
7.22 
7,22 
14.44 
14.44 
14.44 
14.44 
14.44 
14.44 
14.44 
14.44 
14.44 
28.68 
88.88 
28.88 
28.88 
28.83 



Atomic TotosMi 
Ozygux— I, 



t 

9 
9 
% 
9 
9 
9 
9 
9 
9 
9 



Digitized by Google 



160 



THE MOQEBH THEOBT OF CHEHICAIi TTPBS. 



So closely do cLemical componndf cnnform to this law that it is used ^nWy 
to control vapor density cletcrrninations ; tlie exiK^rimenta show whctlu r the 
condensation is to 1, 2, or 4 volumes, and wliether, accordingly, the eq^uiva- 
lent of the body is to be divided by 7.22, 14.44, or S8.88, to aileolate the denr 
Bity of its vapor. The calculation is more accurate than the actual experiment 
on account of the superior accnraey by which the equivalents have been deter* 
mined. Tlic law of even atoms, and tlie observation that in most organic com- 
pounds the coiuicnsiitiou ir< to 4 voluinc?, ?;orve often to determine the tonnnl:!^ 
of orfi^.inic com^jouuds. Thus, to acetone was formerly assigned the formula 
Cs ILj O, which satisiieB neither law ; by doubling its formula (and there is 
no chemical reason to the contrary) it becomes Cc Ih O3, which satislies both laws. 
For the some reason the formula of ether ( C4 II5 O) may be doubled to Co Hjo O2. 

Again : it has been doubted from its orij::!^in mid chemical behavior wliether 
amyle obtained from amylic alcoliol (do H12 O2) should have the formula Cio 
Hii, or Cjo H22 i but the latter formula agrees with the la\v of even atoms, and 
witib a condensation to four volumes. 

3. The law of hotmlogou.s scries. — -Another law influencing strongly the de- 
termination of chemical fomiulii?, and wliicli is onn of the raoBt remarkable 
among the discoveries of modern chumisti'y, is that of homologous sei'ies. 

The following is an example : 

Sbries (On Hjixs.) 



• 

BodkM. 




FomndaB. 


Bolllavpol&i 


Sp. ge. at 

ooa 


Sp. gr. oi 
vapor. 








JI, ^ 


— C18 H14... 




0.701 








ClO 


ih \ 
II.i \ 




850 


0.707 


3.46 








ih \ 
IT9 \ 


= C,o His--. 




0.716 


3.94 








Ih 

Hu : 


— Cia Uso- ., 


1320 


0.725 


4.43 






1 ClO 


Hu 

Hu; 


• = 0»Hjg. 


1660 


0.741 


4.91 



The members of this scries are subject to the "same law;" they advance 
from the lowest by an increment of O3 Hj. A general formula for the series 
would be C„ II(„ + 2,) n being an even whole number. Their boOing points 
as well as tlieir specific gravities in the liquid and in the vaporous condition 
rise gradually. Wo Imve, from its position in this prric?, an additional reaj^on 
why amylu should liave tlie formula G20 H22» and not .Cio Hn. ' Iiifleed, n.s may 
be seeu in the table, amyle is regarded as having (in combination) Cio iln» hut, 
when in the free statCf two of its atoms arc joined together to form a compound 
atom OsD Hss. The following are additionaPUlustrations of homology t 



1. iiVDkorAnBONS.^ 

(C„H,.) 

ICthyienc I C4 H4 

Propyleue lU 

Butylene Os Hy 

Amylene Oiollio 

Ole&io CuU|2 



II. AciDf*. 
Cu Hn O4. 

Formic C2 H2 O4 

Acetic C4 II4 O4 

IVopionic Cg He O4 

Butyric 0,, He O4 

Valerianic C1AH10O4 



Palmitic 

Stearic. 



iijs O4 
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III. Alcohols 

C„H(n+2)02) 

FormyUc... Cz H4 O2 

Ethylic C4 H« O2 

Propylic... Ce Ha O2 

Biitylic Cb UioOi 

Amylic Cia Hj^ 



Aethalie.... OasHsiOa 



IV. Bases. 

OnH(u_5)N) 

Aniline GnUi N 

Toluidine... OuHa N 
Xylidiae... CiclIuX 

Cuinidine Ci3Hi3N 

Cymidiue . . . CmHi<»N 



y. Hydrocarbons. 

Culi(n_t)) ) 







Toluole . . . 








Cumole . . 









The most remaxkable phenomeuou couoected with liomologouB series ifl not 
the nnifonn law aceording to which the fonnula are developed ; bat that the 
tncccssive increment of the atoms C* H9 contributes to a certain regularity of 

physical and chemical character ; thus, neighbors in the scries have greater 
analogy to each other than to more distant members. The acids and alcohols 
quoted advance (at the normal temperature) by degrees fruiu liquids to solids j 
and chemically, formic and acetic acids ou the one hand, and palmitic and ate* 
aric acids on the other are analogous. The boiling |»ointB increase with regu- 
larity ; for example* in series II and III cvexy addition of Os Hs adds 19"^ 0. 
to tlie boiling point. Thon<^li tliis regularity of boilinj^ point applies to other 
aerietj, the difference is not tho same for all ; thus ia scries V every increment 
of d H2 adds 24"" 0. to the boiling point. 

It would create too great a diversion irom the main object of the present 
article to enter furtlii r upon the nature of homologous series. The curious law 
may, however, bo cited with respect to certain series of acids, ether?, and alco- 
hols, viz : that if two of them have an equal number of hydrogen and oxygen 
atoms, and one has X more atoms of carbon, the latter will boil at X 14.6 degreert 
centigrade higher. For example : 

Benzoic acid, O14 He O, ; boiling point, 263^ 
Propionic acid, Cq O4 ; " 137 

Difference, €• 8 X 14.5 = lie** 

Angelica acid, do Ho O4 ; boiling point, 185^ 
Butyric acid, GtHc04i " 156<> 

Difference, C» " 2 X 14.5 = 29^ 

Ou the other hand, if the nnmher of atoms of carbon and oxyn^en is the 
same, and one conipound contains X equivalents less of hydrogen, its boiling 
point wUi be X t> G° higher. 

Angelica acid, Cio ITj, O4; boiling point, 185° 
Valeiianieacid, Cio Hio O4J " 175* 



Difference, Hj 2X5= 10° 

Not only are the members of tho same scries subjected to one and the same 
law, but some of the series are connected with each other. The importance of 
this &ct is very great, since it enables a systematic grouping of chemical com 
pounds. From the character of well-studied bodies, and from tho analogies 
alhidcd to, we are able to pronounce a judgment npon tho chemical constitution, 
nature, and heha' i .r of new bodies. 

This connexion of tho series is as follows : 

From alcohol O4 H« 0^ we may obtain by the addition of oxygen, and by the 
subtraction of hydrogen, acetic acid, (C4 lie O2) + 64 = (C4 H4 O4) + 2 H 0. 

Hrnco, in general terms, if from the series (C,, H(„-|-o)02) we subtract 112, and 
add O2 ~ (Cu Qn Oi,) we obtain an acid analogous to acetic acid. Moreover, 
11 s 
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hy subtracting 2 H 6 ficom (On H(a+2)02 ) we obtain Cn Hn> or tbe series of 
hydrocarbons (I.) Ethylene is thus actually obtained from alcohol. 
Agaiu, from every acid of the series On Hn O4 we may obtain an amide On 

H (n+l) N O2. 

The law of homology conduced strong;ly to tlie type theory by contributing 
a better kuowledgo of the chemical constitution of bodies. By its study, radi- 
cals containing oxygen were definitely accepti^d. Thns, (in series II,) acetic 
acid (C4 H4 O4) is not formed from ethylene (O4 H,) by the addition of O4, but 
from alcohol (C4 O-i) by the addition of O2, an l ''Y the subtraction of II2 in 
sucli manner that the radical (C4 HaOz) is formed; which makes acetic acid (C4 
H4 O4) = ((J4 II3 O2) H Oj. As a proof of the existence of such a radical in 
acetic acid, we may obtain its oomnoimdwitii dilorine by the action of oxyehlo- 
lide of phosphoroB upon acetate of soda, and we may restore this chlorine com- 
pound to acetic acid by the action of watornpon it * • 

(NO4) is another radical containing oxygen. By acting" upon benzoic acid 
so as to substitute ( NO4) for hydrogen, we have nitro-benzoic acid— that is, Cu 
He O4 becomes On H3 (NO4) O4. 

- These considerations have been leading us gradually to the ideas of modem 

chemical types. Sneh a type is a gnmp of atoms of which the individuals bear 
a certain relation to each other, and forms a pattern for imap^ining all chemical 
compounds, between the atoms of wliich a similar relation is Bupposed to exist. 
It may be illustrated by certain blockd glued together, or by a cage of wire with 
compartments, in which the blocks may be placed, thus : 



THB T¥P£— WATEB. 




Examples of the type of water : 



StdplUtnlUd Hydrogen. HfinU ef Potasio, 




* Bee qaKHPpteB of rBacttons by the type method taward the dose of thit aarticle. 
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The fear eomponnds xeDresented shove aw rappoaed to be eonrtltaied after 

Ae pattern of water, which is the tvpe. Thus, if the oxygen atoms of ^e type 

are replaced by sulphur atomi?, we have sulpliuietted liydrogen. 

If, in t})o type, wc substitute for the hydrogcu block, upon the loft hand, a 
potassium block, the result is hydrate of potassa. If, on the other baud, we re- 
meve a right-hand block of hydrogen, and robstftnto a bk>dc repretenting the 
radical acelyle, we have acetic add. And if we replace each hjdrogou block' 
of the type, one with a potasBinin block and the other with an acetyle block, 
there results acetate of potassa. 

In the above illubtraliuii the compounded blockri art; ui one size, tbus repre- 
senting a volume of four oxygeu blocks, and couibrmiug to the law of conden- 
ntion of organic eomponnds to four Tolnmea. We mnst bear in mmd that the 
individual blocks may be larger than an oxygen block whm outside of the 
type, though condensed to the t^ize of yuch block in the compound. For ex- 
ample, 2 volumes of nxyc!Ta-f-4 volumes of hydrogen = 6 volumes, which are 
condensed, by combmuiiou of the gases, to 4 yolomes of vapor of water. 

Hydrogen coufltitutes another type, ikm i 

HYDRiOOn TfFB* 




Benzole and Acetone examples of this type are represented thua : 



Benzole. 



Acetone, 
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Ammonia gives another type, thofl : 

AMMONIA TYPE. 




The nze» of these hydn^n and ammonia types are equal to liiat of the 

water type, viz: four volnmes. 

Witli t] is preliminary iUiutration the following table (from Giaham Otto's 
Lehrbucbj may be quoted: 
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The table iUnstrateB the method of writing tbe foimnltt of bodies aeeording 
to the types of water, hydrogen, and ammonia, to which they leepectively belong. 
Determinations of the specific gravities of the vapor of water and of hydrogen 
show that the formulae H ( > a^d H (0 = S and TT = 1) a^rce to a condensation of 
(wo volumes. In order, therclbre, to make types of these bodies, their formulae 
must be doubled so as to correspond to a condensation of four volumes, which 
IB the atomie yolnme of the greater part of organic componnds. 

The formula for ammonia N H3 already corresponds to four volnmeSr 6* g*f 
2 vols. N-f-6 vols. H = 8 vols, condensed to 4 vols. N H3. 

It will be observed that, in the table, compounds of a basic cliaractcr are 
placed to the left hand, those of acid nature to the right hand, while salt or 
neutral bodies oeenpy positions in the middle of the table. 

It wiU be observed, further, that in the fonnuls of thebodiee acoordingto the 

Hi h ) 

types g J O2 and jj > the electro-negative elements are placed in the bracket 

to the left hand, and these arc dintinguished into a superior atom of hydrogen, 
capable of being replaced by chloriuc, &c., or an acid radical, and an inferior 
atom of hydrogen snsoeptibie of being exchanged for a metal or basic radical, 
while the electro-negative elements, oxygen, sulphur, &c., occupy ppntions to 
the right hand, outside of the bracket. 

The relations existing between anhydrou^^ or hydrated acids or bases ; the 
difference between hydrogen acids and oxygen acids ; the nature of acid, base, or 
salt, are more readily perceived by a dose examination of the table than hy the 
most extended description. It will be seen by this inspection how the ammonia 

salts are represented. ^ jj^g^* | ^2 is acetate of ammonia. By adding H 

to the type awmiOTiia we have a new type ^ aamionium, which enables 

the formation of salts, according to the ammonium theory, by introducing this new 
type into the type of water. Thus diethyle-methyle-amyle-ammonium would be 

p XT -X H / C4H3O3 ) 

>N. Its hydrated oxide G4 H5 I ^ V Ot. Its acetate €« H9 I ^ >Q|. 

The homologous series may thus be generalized by this system of nomenclap 

XT \ FT i 

tare-^. g*, ordinary alcohol ^ Hs | ^ ' 0 H( d 1 ' aleOhol, and 

^ ^^'^ ^ I ^7 corresponding acid of the same homologous series. 

Another principle, which has been adopted in the type method, consists in 
the assumption of radicals capable of replacing 112 or H3 in the types. Such 
radicals are diatomic when they replace Hg, uud are represented thus, (",) and 
triatomic ( '") when they replace H3 ; and the types of water, hydrogen, and 
ammonia are doubled or trebled to form new types by which hihasic or tnbasic 
aeids or salts may be represented. Thus : 

MBABIO ACIDS. 

Type. Stdpbturic add. Snceinic add. Tartaric add. 



TRIBA8IC ACmu. 

Typo. Phoiphorlc Meconic Citric. 
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The following are examples of the diiplication and tdpUcation of the hydro* 
gen and ammonimn types : 

. Type. Chloro-guJpliuric actd. Chloride of succiuylo. 




CI 



I Ca H4 O4" t 

> i C]» / 



Sncdiildiildek 

C, H4 0," 



H. { 



Type. OsyeUorMeof plioipbonuk 




p 

CI 



3 



Cftrninlde. 



These derived types are connected with the primary types by the hypothesis 
that a "polyatomic" radical maj replace several atoms of hydrogen in the 
primary type* Thns-^ 

TjpA, Anhydrolu rolphailo mM, Anhydroai lOMinle add* 
]^|0i 8,04" I Of. C8H4 04 "|Ol^ 



Typfc 

H 



} S, O4" I 



Type. 

The follnwinfl^ oTnmples illnstrate the of the type method of expressing 
a chemical reaction— -e. g,, that of hydrochloric acid with hydrated oxide of 
ammoniam. 

By the former method it would he^ 

N H4 0 + H CI = N H4 CI + H 0 
By the type method^— 

Again: hy the action of ozychloride of phosphoms upon acetate of sodai 
chloride of acetyle is formed together with phosphate of soda, which reaction 

is represented. 
By the former method— 

P Q» 01, + 3 (N» 0, 0« H, 0)) 3 K«0» P 0< + 3 (Oi H, Qi) CL 

By the type method— 

Somo regard the type method of imagining a body pssential in the nature 
of matter; to these the type of the same body is invariable, with which, if 
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phenomena agree not, the reason w sought, and the correct type determined hy 
experiment. 

But others employ this method as a means of comparing chemical reactions, 

and fis snjrgcstive of new cxpnrimrnts. Sucli write fonriuLc sometimes according 
to the old nomenclature, and sometimes take groat liberties with the types, 
viewing the same body in different types ; Ibr example, taking aldehyde 

(O4 H4 0^) according to the type thns: * ^ > or, according to the 

A very serious defect, in my opinion, in the type method is that it places the 
hydrogen acids and salts in a diii'erent type from the oxygen acids and salts ; 
while the analogies existing betwe^ these adds and salts fbmJdi nrgent reason 
why they should have the same constitation, vhich similarity chemists have 
always labored to discover. It is not fair to constitnte a type ammonia founded 
on the chemical analojriep of it and the compound ammonias, and at the same 
time place hydro-cbioric and nitric acids in diflerent types. And yet, by the 
present motliod, they cannot come in the same type, because, first, oxygen can- 

H t CI ) 

not come in the hydrogen type, q / » Hi' second, in the water-type 

2 > O2 the oxygen outside of the bracket is diflferently combined, compared 
with the oxygen of an oxy-radicnl replacing H. Thus nitrate of potassa must 
be ^'^* I Osi and not ^-^^ | > (since O4 and 0^ are differently combined,) and 

01 ) 

chloride of potassium can only be > . 

In concluding the subject, it may be observed that by the former method of 
writing- formula?, the binary nature of chemical compounds, owing to the polarity 
of their atomri, wuo kept promineut ; while this is not the case with respect to 
^pe formuUs, olthongh in these the polarity of the atoms is not denied, bnt 
kept in snbordiuate view. 

Whatever be the faults or merits of the type method, it has, by placing bodies 
before us in a new relation, suggested experiments (which, perhaps, would not 
have hrcn otherwise suggested) which liave led to important discoveries. At the 
prcscuL Lime, not to understand this method of writing formulae is to be excluded 
nom following the course of modem chemical pi-ogress. 
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WHICH CHAHACTJmiZE AVD AOOOlOPAinr 

THE PROPAGATION OF ELECTRICITY 

IN HiaHLT BABEFIED EIiASTIC FLUIDS* 



BY PR0FB880B A. DB LA BITB. 



IMitodfMr theSmithiMiini InititDtloii fiom tin MkmmnM i* U SoUSii A Pkgnmu^ 

J^Hutoru NiUmdU A Amm. tome XYH. 1863. 



I was led in 1849, in my first memoir on the aurora borealis.f to >])n\\ ilmt 
the electric light which is produced in a vacuum of from four to five millimetres 
ii obedient to the actioii of the magnet I Bufaaequentlj found that this ex peri- 
OMiitt in which, to produce electricity, I at first used an ordinary electric instra- 
ment, and then tlie hydro-electric machine of Armstrong, succeeded still better 
^ith RuhmkorflPs induction apparatus. The employment of tliis oppavRtug 
has since supplied the means of studying in a surei* and more couiiiiudious 
manner the propagation of electricity in rarefied gases, and thus the assuiance 
his been obtained that, while an ahsolate yaennm will by no means transmit 
dectriclty, the presence in any space of the smalleet quantity of pondetshle 
matter in the state of an elantic fluid snflRccs for such propagation. To the con- 
eluaive experiments of M. Ga^siot we eppentially owe the demonstration of this 
important principle. It has been observed that the transmission of electricity 
through elastic fluids is efifccted with more or less facility, according to the na- 
tsn and density of the fluidt and that It is aceompanied, when the gas is veiy 
much rarefied, by an app( arance which has been called the stratific^ition of 
electric light, consisting in the phenomenon of a succession of Btrata alternately 
luminous and obscure, presented by the lurainons electric discliargc. The 
action of the magnet on this light has likewise been studied. M. Piucker, after 
Domerous and important experiments, has ascertained its law in connecting it 
^ith th6 fiirmation of magnetic carvM. Lastly, diffnent explanations haTO 
l>eea Qjffered of the stratification of electric light, some based on the peculiar 
ffio^e of the production of electricity by Ruhmkorff's app;u itn3, others referring 
it, not to the character of the appai'atus producing the electricity, but rather to 
tliat of the medium which propagates it. 

The phenomena jnst cited had awakened in me a lively interest, and I hare 
&r Bome years more particnlarly studied them. I have encountered great diffi- 
eolties in this pursuit, as, on acoonnt of the necessi^, in operating on highly 
Htfeficd elastic fluids, of having apparatus which will properly maintam a vacuum, 
Mwell ii'^ very delicate instruments to a])j)reciate with minute exactness the 
degree of rarefacatiou. The establishment at Geneva, conducted by so skilful 
tnuhin^ as M. Behwerd, has, however, enabled me in a great measnxe to 



* For a tablo of French measures, compared with English, seo tlio last jjnpje of this Report, 
t AMMoles de Chimie et de PhysiqMt tom« XXV, p. 31U ; and Coayites Rendtu dcVAcadmi* 
<»aeMue«, tome XXIX, p. 413. 
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imrnouiit these diffienlties* and to anriye at veeiilti wlueh I can widi eonfidenee 
pieaent to the society. 

My earlirr ropparcliop, which had chiefly for their ohjpct the study of the 
general phenomena, were directed only to hydrogen and nitrogen, two gases, 
differing greatly as regards their physical and chemical properties, and offering, 
moreoyer, the advantage of being at onoe simple, imaltenMld* and without aetion 
on the metals serving as electrodes. Atmospheric air, on which also I have 
often operated* acts very much as nitrogen, whether because the fvoportion of 
oxygen it contains is small in comparison with that of the nitrogen, or becanse 
this oxygen, at least in great part, quickly disappears by reason of the trans- 
mitted electricity, which, converting it into ozone, facilitates its combmation 
with the metal <n the electrodes. I have also, in some cases, mixed with the 
gas submitted to expeiiment s little vapor of water or of alcohol. 

Electricity has, in my experiments, been produced by a Ruhmkorff induction 
apparatus of mean force, set in action by one or two pairs of Grove's cups,* 
and operating by means of the ordinary cut-off. The electricity thus produced 
is transmitted by means of copper wires covered with guttarpercba through tlie 
easeons medinms, more or less rarefied, contained in glass vessels of dmfefeut 
forms, tubes, jars, spherical or ovoid globes. Sec. These vessels are to be careftiUy 
closed with good taps, and furnished with metallic electrodes of divers forms 
and natures, which serve to introduce the electric currents, f In the circuit 
which these currents are destined to traverse we place distilled water in a small 
glass trough, some twenty centimetres in length by five in width and three in 
dsfpth. Two plates of platina fixed respectively at m extrenities at the taroagi^ 
ania whose soifiMe is exactly equal to toe tiai^^ verse sectioa of the stratum of 
water, serve to establish this water in the circuit. The purpose of the interpo- 
sition of the water is to determine the intensity of the electric current by means 
of an expedient which permits, with that view, the employment of a veir deli- 
cate galvanometer. Two wires of platina, each inserted in a glass tube, are 
attaraed rvtkaSfy to wdld siqpporta, so as to be immessed in diatUled -water at 
their lower extiemitiss, which extremities project tnm the glass 011I7 a aflfi* 



• The batteny in qmstion !■ Irata particular form which I have given to Grove's appaiatut 
to render its management more convenient and prompt. It is constnicted as follows : 

A glass jar with a large opening of abont ten centimetres, closed with a glass stopper rubbed 
with SOMiy, coatainB about a litre of nitric acid. When the pair is to be used, we remove the 
stopper and replace it bv a porous cylinder of such diameter that it can enter freely into the 
jar by the opening. This cylinder, long enough to be plunged nearlv to the bottom of the 
jar, has on its upper portion an annular protxiberance, by means of whiclyt rests on the edge 
of (be opening. It contains sulphuric acid diluted with water, and a tube or strip of zinc im- 
aemd m the ae!d solution. It is, besides, surrounded externally with a thin plate of platina, 
to which is soldered with gold a wire, also of platina, which terminates outside, traversing 
^e annular protection of the porous cyhnder. The zinc and the platina wire each cany 
nippers, by which the conductors are readily attached. There may be several sfnoiter 
pairs, and nothing is easier thuu to arrange them in series, so as to obtain a battery more Off 
W powerful. But a siagle pair is Mifficieat» if well mounted, for nearly all electro-dynamie 
ezperimeati. and paiticalarly lior the dononatmlion of the as well as for th« 

productioa of tbe phenomflna attending the disohaige of the Bnhmkoxff s^npsatiw in xamfied 
gases. 

- ItisiiotiiMefsaTy ottentochnigetlMnittleadd, tlnoe the JsreanlidBf a large quantity. 

The same acid may serve for several days and fur many experiments. It is of advantage, 
however, frequently to change the acidolated water which iiiis the porous tabe— a very easy 
and nnexpensive operation. Finally, an important precaution to be tdcen is, fliat, wnen m 
cease to use the pair, the porous cyHiHler should be withdrawn from the nitric acid, care being 
taken immeUiateiy to replace it with the stopper mbbed with emexy, and the <^linder should 
be immeTMd hi a bottle filled with pore water. Thru tiie emaaallnitt of the mtront vapon, 
and tlie penetration of the nitric ucid thronph the porous cylinder, are avoided, Wc should 
guard against immersing the amalgamated zincs in the same water in which the poroat 

Sllnders haTB iMsn pliiBj^, fbr the anallflst traee of iritrio add in water 
ICS. 

t For electrodes I have chiefly used balls of platina, one centimetre in diameter. 
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metre, in accordance with tlic plan of Dr. Wollaston, while their upper extremi- 
ties comjiiimicate respectively with two euds of the wire of a galvanometer, 
whoae ooils are well nolaled hf tmm of reflin. The suppoiti iraieli beir fJie 
pkUina wires are movaUe along a diviaioii in §m1i way that the two extrami- 
ties of the wires immersed in the water may be made to approach one another ai 
closely as possible, or l>e separated wry nearly the. whole length of the stratum 
of water. By moati^ ol ;l micromptric .screw, the relative distance of the two 
pointd of platiiia may bv vaiied ad to be appreciable to nearly the tenth of 
a nOUmetra. Theae two pointt draw off aa aunoet inseiunble proportion of tba 
eleetric curcent whicb traverses the troqg^ £Ued with water — a proportion* bow- 
ever, which suffices to act in a distinct manner on the needle of the galvanometer. 
The proportion drnwii off depends for a current of constnnt intensity on thorliH- 
tance of the two points, so tliat, if the intensity be variai/le, it is flie variable 
distance to which it is necessary that the two points shall be brougiii, iu reference 
to one aaoUier, in order for the indication ox the gri^aaomfltor to Msnain eon- 
Btent, which measures the proportion drawn off ineadi caBe» and thas, by aialui 
easily determined, the absolute intensity of the current. 

Finally, a good pneumatic pump, to which a second complementary one may 
be joined, enables us Uj bring the ga.s to an advanced deo-veo of rarefaction. As 
to the elastic force of the gas, that is measured by a manometer of mercury 
?ei7 carefnllj Gonstmeted* with wIiioh> by meana of a ca&etometer, a diffiveaee 
of pveaBure m even the fiftieth of a laiUimafere may be apprmsiated. 

i L— GEIJBKAL PHENOMENA PRESENTED BY THE TfiAiJSMlSSION OF 

ELECTEICITY IN KAKEFIED GASES. 

The Ruhmkorff apparatus, of which I have availed myself, gives in the in- 
ducted wire two successive and alternately contrary discharfr''s. HfTire, if 
these discharges encounter in the circuit which they traversse only good con- 
ductors, such as metallic wires, and even distilled water, no deviation is re- 
marked in the galvanometer, because the dieeharges being alternately in a 
contrary direction, and in rapid succession, their opposed double action is 
neutralized. But if the circuit comprises an elastic fluid very much rarefied, 
the resistance which it opposes to the passage of the two successive discharires 
causes one of them to predominate, so that the phenomena take place as thuugh 
there were but a series of discharges all in the same direction. The explaua- 
tlbn of this difierence is, that the two discharges* or inducted cnrrents, tnongh 
equal in quantity, have not the same tension, the direct, which have a less 
duration, having a stronger tension. It thence results that when the circuit is 
interrupted by a body which is a bad conductor, such as an elastic fluid more 
or less rarefied, the direct currents can alone he transmitted, so that the direc- 
tiem of the inducted current which traverses the elastic fluid is the .same with 
diat of the inductive emxent, and the latter changing, the olber changes at the 
nme time^ 

The preisnre at which a discharp-o of a given intensity begins to pass through 
a gas varies with the nature of that gas, -^vitli its degree of rarefaction, and ^vith 
the dimensions and fonn of the vessel which contains it. Moreover, the dis- 
^arge doea not ubbb immediately upon the electrodes being put in communica- 
tioa with the poies of l&e Ruhmkorff apparatus. For that a certain time is 
neceasarj— a time so much longer in proportion as the resistance is greater, 
whether arising from the nature or density of the elastic fluid, or from the effect 
of the form and dimensions of the vessel. Thus, in a long tube, from 2 to ' 
5 centimetres in diameter and from 30 to 50 centimetres iu length, it requirefl 
ferend minutes before the disdiarge can be ttansmitted, however farmed dia 
gas. But the first discharge having onee passed, the succeeding ones pass 
widi fiteiU^y and ibUow one another so rapidly as to produce on tiie galTa> 
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nometer the effect of a continuoua current. The passage of the discharges may 
even be intemipted fbr mtaaj mmntes witbont uie loss of the eapacity whten 
the gas had acquired of immeoiatelj tranBmittme them. To lose it completely 
we must wait a long time, or renew the gas, and consequently again rarefy it. 
An equally important fact to be noticed w, that the discharges once transmitted, 
there may be gradually introduced, while they arc passing, a new quantity of 
the same gas, which amounts to an augmentation of the density, without their 
ceasing to pass ; the pieaaore may thus he carried to almost donble what it was 
at the beginning. The direction of the discharges haa no inflnence on this 
'train of phenomena; for, the discharge having once effected a passage, it3 
direction may be changed at will, without a cessation of immediate transmi.-^sion. 
This result, which I have had occasion to verify in many and very different 
cases, would seem to show that the. gaseous matter oppobcs a certain inertia to 
the establishment of that partictdar atsposition which the transmission aS elec- 
tricity requires, and which determines the tension which precedes that trans- 
mission ; out that this disposition once established, it subsists long after the 
passage of electricity has ceased, provided no disturbance intervene in the state 
of the gas. It had long been suppoded, particularly in the theory of Grotthus 
on electrolytic decompositions, that something analogous occurred in the trans- 
mission of Toltaic currents throngh liquids ; it had thence been inferred thai 
the tension of the poles of the piles induced in the Uqnid in which these poles 
were plunged, a polarization, which preceded the passages of the current. Only 
these two effects succeeded one another in a time so short as to be inappre- 
ciable, while with gases they would be found to be separated by an interval 
of more or less duration, but always appreciable. 

I shall restrict myself here to certain numerical results, — results of but litde 
importance indeed, since it is impossible to deduce from them a law, in view of 
the numerous causes which nrm <ion them to vary. They «erve only to show 
the accuracy of the general principle which I have just indicated. We may 
also infer from them the great superiority of hydrogen over nitrogen and atmo- 
spheric air, as regards its conducting power — a fact already noticed by several 
experimenters. 

In a tube 5 centimetres in diameter and 16 in length« the discharge^ when 
the tube was filled with ahnosj^licric air, only began to pass w4icu the pressure 
wris reduced to 20 millimetres ; with jutrogcn it passed under a pressure of 24 
millimetres, and with hydr^en under that of 36 millimetres. It is true 
Uiat snbseguently, under the same conditions of intensity, and s^ with 
hydrogen, tne discharge passed at pressures of 42, and even 46 milHmetres; 
wben rendered still stronger, it has been transmitted under a pressure of 
even 72 millimetres. With a tube having a like diameter of 5 centiractrcs, 
but only one metre in length, the same discharge only began to pass through 
nitrogen under a pressure of from 4 to 5 millimeters ; with hydrogen it passed 
only under a pressure of fh>m 12 to 13™. Afterwards, when stronger, and 
again with hydrogen, it passed under a pressure of 18, and even 20™™. When 
the discharge begins to be transmitted, it exhibits itself in Tcry minute jets 
or streams, more or less iutermittcd ; afterwards these streams combine to form 
a larger and more continuous ot\p. In a jar iilh'd with hydrogen the dischai^ 
passed from an isolated ccuirui ball to a ring 12 centimetres in diameter, 
makine the distance of the transmission but 6 centimetres in a space of hydro- 
gen which might be called unlimited. In this case it was transmitted under a 
nressure of 128™™ in the form of streaifis more or less intermittent «id undu- 
lating, darting from the central ball to all points of the rins: indifferently. At 
9QTnm ii^Q discharge gave rise to a continuous stream, susceptible of being in- 
tiucnced by magnetism. 

We see, bv the instances just dted, that the pressure under whieh> for any 
giyen gas, the discharge can pass varies with so many ciieumstancefl» that Its 
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deteimiiiBtion is of little importance. Not io» however, when the discharge is 

once transmitted in regard to tlie influence which the pressure of the gas it 
traverses exerts on its intensity. Tlie following are two comparative expnri 
ments made with nitrogen and hydrogen. These two gases were successively 
iatrodaced into a tube 5 eentimetres in diameter and 50 in length ; the die- ' 
charge passed between two balk of platina one centimetre in diameter* placed 
Teepectayely near each extremity of the tube, so that the passage across the 
gaseous medium was quite 50 centimetres in extent. 

Nitrogen. — The intensity of tlie discliargo avus measured by means of that 
of the derived current received by the two points of platina plunged, at a fixed 
distance of 120™*, in the distilled water which was placed in the cireoit : 

Prc8sare» Intensity of derived current. 
9™™ Gal vanometer almost insensible. 

4"™ to &^ 26° to 30* 

3""to4"™ 3/jo 

3^ 38° to 40° 

2»" 42° to 4i>° 

Hydrogen. — Proceeding nt fir.st as in the case of the nitrogen, the two pointa 
of plaiina which received the derived current were left at a hxed distance from 
one another : 

Pressare. Intoositj of (Icrivo-l conents. 

G0°»°to30™» 1° to 4^ 

26"™ 6^ 

18^ 6® 

15°^ 7° 

13"" 13° 

10"" 40° . 

9»» 60° 

For pressnre of less than 9 millimetres the points of platina wa^e in each 

case brought nearer together, so as to have a constant current. At a distance 
of 55"°^, the derived current, whicli under a pressure of 9""" had been 50°, was 
reduced to 40^. The ibllowiug series was then obtained ; and hei*e, in order 
to restore the derived current to 40°, it was requisite, in proportion as the press- 
me diminished, to bring the points closer together, so as to render the interval 
of deriyation smaller: 

Pressure. Distance of points. 

9»™ 65™ 

8"""*... .......... 45"™ 

fjram. 30"" 

6™in 25"" 

fimm 20"" 

^mm 17™"* 

gmm ^ ...... • ..... 14™"* 

Thus, as far aa 2"" of pressure, the iutensity of the derived current, and 
consequently the conductibility of the gas, goes on increasing as well for the 
hydrogen as for the nitrogen ; but we see how mnch more considerable is the 
conducting power of the hydrogen than that of the nitrogen, since, under a 

pressure of 9™™, all other circumstance?' remaining the fnme, the derived cur- 
rent is, with the nitrogen* scarcely sensible, while it is 50° with the hydrogen. 
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In two odier oomMrativ« ezMrimeiitB, tht preisiWB cud iha dutaaee of ihe 

fdeetrodes were B»de to vary dike for the nitrc^^ and hydrogen. The two 

gases had been successively introduced into the same ovr>ul glohe. The fol- 
lowing table p^ves the intensity of the derived cun-eut for three diflerent dia- 
tauces of the electrodes under different pressures, when nitrogen is iu the ball : 



PraMim. Distiuice of the electrodes. 

14 cent. 7 cent. 1 cent. 

SO"*" 10° 23° 56° 

S"""" 40'» 47° 55** 

5°*"^ t>0° 55^ 67* 

S™" 65« 66° 67*» 



When for nitrogen vro jJiibstitnte hydrogen^ the results differ somewhat, 
especially iu the lower pixj^fiures, and when the electrodes are in close proximity 
with one another, which proceeds probably from the circumstauce that the 
gaseous medium, in view of the Ibna of the Tessel, may he fegaided aa havhig 
an almost indefinite breadth. In a laige receiver, in effect, where the current 
passes between a central ball and a concentric ring having a diameter of 12 
centimetres, the intensity of the derived current i.s very little increased by 
diuiiuishing the pressure beyond 10™". That intensity, measured by the de- 
rived current, amounts, under a pressure of 15""", to 36° ; under a pi-essure of 
lOnn, it attains 46* ; then augments gradually as fiir as 6^, when it reaches 
its maximum of 50°, which it never exceeds, manifesting rather a slight tea* 
dency to become less under 2™i". By raising the central ball so aa to give to 
the electric sheet a conical instead of circular form, the confine tibility is not 
sensibly diminished. Under the same circumstances the atmospiicric air does 
not present a resistance much greater than the hydrogen ; thus the intensity 
of the deriyed enrrent is 36° at 6»» instead of 60°, and at a™" is 46*^. How- 
e^vt, with the tiiheof one metre in length, hydrogen must be subjected to a 
much weaker pressure in order to transmit the discharge, but its conductibility 
increases very rapidly with the diminution of that pressure. Thus, the appi^ 
ratus of derivation being placed in the circuit, we have: 



PreMure. Intttwity of the derived ctuowL 

6™ 0^ 

4«"° 12° 

3mn» gjjjo 

3"»'" 30® 

gmn , ggo 



Finally, with the same tube, one metre in length and 5 centimetres in 
diameter, a sensible and regular uugnientation in the intensity of the derived 
eonent has been obtained, for the same pressure aud iu the two gases alike, by 
a eonesponding diminntion of distanee between ^ electi!odes. The compan- 
son of uie numbers indicates, that, when the gas is sofficiently rarefied to he a 
good conductor, that is, to permit the discharge to become, so to say, contimi'- 
0U8, it follows, like liquids and solids, in its conductibility, the law of the inverpe 
of the length. It has been already seen that tlic influence of the scctiou 
and of tiie volume is very considerable j but I have not been able to determine 
its law in a precise manner. 

Thus far I have considered the propagation of electricity in gaseons sub- 
etanros only in relation to the resistance they oppose to it — a resistance variable 
with their nature, their density, and their dimensions. I have but glanced 
at this part of my subject, to which I shall return at an early occasion, as I 
propose to ezt«ad my researches to a much larger uumber of gadcou:^ substau- 
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eea. I pass now to phenomena of qnito anollier oider, end winch nikle to the 
mode itself in which the propagation of electricity i» effected in gases — a mode 
K^idli mani^BSts itself under tlM lonn of stratification of the eleotric light. 

# n.— lNVEbil(iAT10«S li'KGARDmG THE STBATIFIGATlON OF THE 

iiLLCTiviC LIGHT. 

It i? known that at a certain degree of diminution of the elastic force of 
a gas which transmits the electric cui-rent, that current becomes stratified — that 
la to say, is decomposed into strata alternately' obscure and luminous. The 
stntification Gommences hy the appearance of certain slight atris or fturows on 
the aide of the positive electrode ; then gradually* as the elastic force dimin* 
isheSt the ctirrent, which was at first very narrow, rl Hates, and the ntria^ grow 
larger, l^fext appears an obscure space, separatin*^ the extremity of the lumi- 
nons columnfrom the ne<;ati\''e electrode, which is itself surrounded with a bluish 
atmosphere. This atmosphere continues to dilate, and the obscure space to 
lengthen, in proportion as the rarefaction of the gas increases. 

In order to ootoin the stratification of the electric light, it is necessary to di- 
minish the pressure of a gas in proportion as the gas offers more resistance to 
the transmission of electricity. Thus in hydrogen, under a pressure of 18"""*, 
the electric Btreara, which consists as yet of hut a small rose-colored filament 
from three to four millimetres in diameter, is seen to div ide into very distinct cir- 
colar sheets, alternately ohscureand lominoas, thehreadth of which is one-fonrth 
of a millimetre. These stiise, at first more distinctly marked at the positive elec- 
trode, become general throughout the whole electric current, what(!ver be its 
length ; and, in proportion ;is the pressure diminishes, the stream becomes en- 
larged, so as even to occu^jy the wnole interior of a tube five centimetres in di- 
ameter. At the same time the hreadth of the alternately obscure and luminous 
diyisions so increases that, under a pressure of 2"™, it is abont 5^, These di- 
visions are themsdves annular, as I have satisfied myself by closing the tube 
which contains the rarefied gas, at one of its extremities, with a glass disk, 
which permits the whole interior of the tube to be seen in the direction of its 
length. 

When the strisB begin to appear, an ohscnre space, as has been said, is seen 
to form in fiK>nt of the native electrode, incieasing in proportion as the press- 
ure diminishes, '^o far as finally to occupy a lenffth of ten centimetres — a length 
which is independent of that of the gaseous column. However, by otriprving 
with attention this obscure space, we discover, beyond an interval which is per- 
fectly black, and of a well-defined length of from 2 to 3"% a palish, rose-colored 
gleam, which is only visihle in utter darkness. This gleaoLf wUeh has the form 
ci a cone, whose base is the last section of the luminous column, only appears 
when the pressure has hecome very slight and quite inferior to that under which 
the obscure Fp ice i** manifested. It is accompanied by the appearance, in the 
same obscure space, and at unequal intervals, of several still more luminous 
rings, (I have counted as many as four,) which contrast, by their immobility and 
ihenr well-defined outlines, witn the agitated strin or divisions of the rest of the 
current. Let us add, that the luminous and stratified part of the current, which 
is much the longest, is so much the more distinctly and sharply separated fiom 
the obscure or palish part, as the electric discharge is more intense. 

The bluish atmosphere which surrounds the negative electrode is also en- 
larged in proportion as the pressure diminishes, and nearly in the same ratio 
as liM stria. At the same tnne^ its hrightness heeomes less viWd, and its exte- 
rior outline less sharply defined. This hluish atmosphere, which at first 
enveloped only the negative hall, at last, and in proportion as the pressure 
dimin ish<>s, equally envelops, in all its length, the metallic rod which supportf' 
the ball i at least, if this he not covered with an isolating coat, which indicates, 
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on the part of negtttiTe eieetrieity, a great fBucSlity in dbpecsiag itadf in tibe 
ambient medium, when once that medium is rarefied. 

The af^ifation of the str'vx in the luminous part of the current becomes very 
considerable under tlie siij^lit pvct^suic of two millimetres. It manifcBts itnelf 
at first very sensibly in the neighborhood of the positive electrode, from which 
the Imninous stieam iBmes Tinder the form of an outspreading cone, which, in 
proportion as the pressure diminishes, becomes more and more cylindrical, until 
it assumes altogether the form of a cylindi^ of whose circulM" base the electrode 
is the centre, the agitation of the stris being, at the same time* general through* 
ont the whole extent of the current. 

When the diochurjje id efl'ected in a cylindrical iar, between a ball serving as 
a negative electrode and a metallic ring of wliich that ball is the centre, and 
which serves as a positive electrode, the bltush atmosphere which snxronnds the 
ball enlarges by several centimetres at a pressure of 2""", and its exterior out- 
line is covered with small filaments, presenting a tuftlike appearance. These 
filaiuentB are probably formed by the .«erie8 of molecules which transmit the 
discharge. They are much more distinct with hydrogen (a good conductor) 
than with other gases. If the ball serves as a positive electrode, it is snnounded 
with a lively rose-colored halo of about a centimetre in diameter, presenting 
well-marked stratifications; then comes a dark annular space, whicli terminates 
at the rin^, ^^ hieii i.^ itself completely invested with an envelope or sheath of 
clear violet, with opaline tints. 

Nitrogen presents the same phenomena as hydrogen, though the stratification 
of the electric light does not begin, except under a much feebler pressure. In 
the long tube (one metre in length) the agitation of the strie, under a pressure 
of 2"^"^, h oven more considerable than with h} drog;en. These striae seem to 
form an animated helix, with a movement of rotation around its axis. The 
light is also more vivid, the tint being of a peach-blossom rather than pale rose, 
color. The phenomenon is of a most brilliant description. Further, there is 
the same obscure space in the vicinity of the negative electrode, the same 
glimmer of palish rose color at a weak pressure of from 1 to 2™"" in this obscure 
space, the same appearance in this glimmerinj^ mL<t of well-defined and motiott- 
less rings more luminous than the space which surrounds them. 

Atmospheric air corresponds in its phenomena with nitrogen. I have ob- 
served only that here the agitation of the strise is less striking, and ike light of 
a rose color less deep than in nitrogen. 

The appearances which I have just described are, therefore, within some 
more shadings, precisely the same in hydrog^en, nitrogen, and atmospheric air; 
they are equally the same, whether these gases are dry, or contain the vapor 
of water or of cdcohol in more or less quantity ; there are no difierences, except 
that the pressures at which the various phenomena, and the tints of light which 
accompany them, are observed, vary wim the nature of the rarefied elastic fluid. 
We cannot, then, attribute the eflccts just considered to an electro-chemical 
decomposition Aviiicli cannot take place in a simple and well-desiccated gas, nor 
to any action appertaining to the chemical nature of the elastic fluid. They 
are evidently the result of a mechanical action which accompanies the trans- 
mission of electricity — an idea first advanced by H. Biess, who showed tiiat an 
analogous phenomenon presents itself, under a little different form, it is true, in 
liquids and in .8(dids. 

The phenomenon in rarefied elastic fluids would consist in the alternate con- 
tractions and dilatations of the gaseous medium prodnced by the series of dis- 
charges, always more or less intermittent, of which, the electric stream is formed. 
In fact, whether it be by Hdimkorff^s apparatus, or an ordmary electric machine^ 
or by a hydro-electrie machine of Armstrong, that the straMcations are pro- 
duced, there is never a continuous discharge, but, in reality, a series of dis- 
charges which may succeed one another so rapidly that the intermission shall 
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not be betrayed, even by a galvanometer. But it does not the less exist, as M. 
Qflflaiot lias shown in operating with a pile of Grove aj; high tension, which, 
widi th« same eleetrodei* and in the Bame mediimi, will give riae* fintto atxatt 
ficatioofl, and ttaewtidB, when the eanent haa beoome eontiniuma, to a Toltde 

arch. 

The meciiamcal action of the Beries of (liricharges on the raietied elastic fluid 
may, indeed, be directly veriiied by the very marked oscillations ot the column 
of meFcnry of the manometer ^daced in communioation with the elastic fluid, 
whieh aooompany the propagation of eleetricity in that fluid. These OBcill*- 
tions rise to two or three tenths of a millimetre in hydrogen* nnder a pressure 
of IG"'™. They begin to be pcni^ihle when onrr the stream passes, that \f to 
say, at ;JG™^ of pre<«?!nre; attain iheir maximum of iliree-tenilirt of a millimetre 
between 20 and of pressure ; and diminish rapidly in descending from 12 
to at which laat pressure they no lonenr take plaee. With nitrogen and a^ 
Boepheric air, and employing the same tmie 16 centintetres in length and 6 
diameter, the oHcillatious begin, at the moment when the stream passes, under 
the pressure of about 20'""'; attain tlieir maximum of from four to five tenths of 
a millimetre between 12 and giui" of prejjsure; and then continue to Himlnifih 
imtil 2 or 6™'^, at which pressure thev cease to be sensible. 

With the tnhe one metre in length, and even widi that of 00 eentimetresy I 
have not succeeded in observing any appeanmee of oeeilktton accompanying 
the transmission of the clectrie conent, whatever m%ht be the gas enclosed in 
these tubes, and ^^-hatevcr the pressure to which it was subjected. On the other 
hand, I have obL iiiu'd very distinct ones, of one and two LeuLhb of a millimeti^, 
under pressuiea varying tiom ot) to 15"™, in a jar 20 centimetres in heiglit by 
16 in diameter, lUled inlih nurefied hydrogen, and in which the electric stream 
passed from a central ball to a ring 12 centimetrea in diameter ooneentric to 
that ball. This last result shows that the absence of oscillations in the long 
u;^^^^ has less connexion with the volume of the pascons modinm, which is Iosb 
than iii the vessel of the last experiment than with the inlluence of the si<]< s 
of the tubes which embarrass the movement of the gas. It is also a proof that 
Ihe oaeillations proceed fimn a meehanieal action, and not from an elevation of 
temperatore. Aa regwda their intensity, the oaeillations evidently depend on 
the greater or less resistance which the gaseous medium opposes to the trans- 
mission of the electric current, since the oscillations are more considorable with 
nitrogen than with hydrogen, and diminish a? the pressure does, reckoning: from 
a certain point of the pressure, which is that at which the diechoige can take 

place in a complete manner, and at whieh tiie intensi^ of the oacillationa attains 

its maximum. 

The stratification of electric light would appear then to be a phenomenon 
analogous to tlic production of undulations of sound, that is to ^ay, a mechanical 
phenomeiiuu proceeding from a succession oi i.~ochronouf? impulses communi- 
cated to the raieiied gaseous column by the series of electric discharges rapidly 
neeeeding each oilier. We find a new proof &vorable to this view of the phe- 
nomenon in the perturbation whidi a displacement of the gaseous matter occa- 
sions in the stratifications, and, consequently, in the disposition of the clastic 
fluid •which permits those stratifications to appear. To produce this perturba- 
tion, it suffices to introduce into the tube in which there is a rarefied clastic 
fluid, and while the electricity is in process of propagation, an additional 

ntity of the same gas already eneloaed therein, so aa to increase the prcssme 
le-fooith or one-half of a millimetre at moat. Let us see what then ocean 
with hydrogen, remarking that the effects are the same with the three tubes, 
respectively, 15, 50, and 100 centimetres in length. 

We begin by rarefying the gas to the extent of 2""°*, so as to have the phe- 
nomenon of the stratificationa aa distinct as possible. Wo then introduce a 
loiaU qnantily of hydrogen ; if the introdnctloa takes place on the tide of 
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negative electrode, striae a fine rose color are immediately seen to form in tlie 
olMKnro space, tludr diametor being thai of Uie itntified eokunn^tliat Ib, of 
ihe tube, while they are at the eame time very narrow and well defined. They 
are gradually propagated in the tube, confounding themselves witL the original 
strite, which arc much larger and Icsf diptinctly limited; then, as soon as the 
entrance ot the gaa i& arrested, the luminouB column is seen to recede plowly 
firom the negative electrode, and resume gxaduallT its primitive appearance. 
When the intiodtielaoii of die gee takes pUee ok tbe eide of the poeUiTe elee- 
trode, in place of the etrie occupying the whole cavity of die tube* we see a 
brilliant stream of very small diameter (2 to 3'"'") diptirjctly striated, and quite 
similar to a mmute spiral spring (rcssort a boudiji,) ;i(K ance along the axis of 
the tube in the relatively obscure interior of the luminoua column, which itself, 
ae soon as the gas begins to enter by the positive as weU as by tl^ nej^ative 
eleetrodoi imnediately advances 00 as to oeeopy almoet entiiely the obiMme 
Bpftce np to the negative electrode^ from whii^ it it only separated by the in- 
terposed Btratum, 2°"'" in thickness, which it cannot surmount. Then, the intro- 
duction of the gas once stopped, everything returns quickly to the noimal state. 
By whichever of the two extremities of the tube tlie gas is made to penetrtUie, 
we eee, on the entrance of the gas, a very sobtie miat of a loeeete imite color 
make its appearance, and difinse itself in the tube; bnt this, as soon as the in^ 
tKodnetion of the additional quantity of gas has oessed, passes over from the 
negative to the positive electrode, leaving the obsciirf ppnco to form itself anew, 
and momentarily hiding in its passage, by envelopmg liiem as it were with a 
light cloud, the succesaive stratifications of difierent parts of the column ; then 
mm mist dlsi^peaiti end the Inninons eohum nsnmes its psimitiTe appearanoo, 
▼hidi it maintains so long as nothing is ehnnged either m the elee^e emrent 
or the state of the gas travcrs^ by it. The appearance of this mist, whieh per- 
fectly resembles that I have mentJoiKd as existing in the dark space of the 
column in a state of repose, well denotes the agitation into which the introduc- 
tion of a small ailtiitionai quantity of gas throws the whole column — an agitation 
SO conspicuously manifested by the progression of the stm and their eneteaeh- 
msnt on one another. The phenomenon presents this flutber fealore : that the 
definiteness and brightness of the striae in the gaseous portion introduced, which 
make them so plainly distinguishable from the gas which was already in the 
tube, enable us to follow the progressive movement of that portion from one end 
of liie Lube to the other. The experiment may be repeated several times in 
snecession by suecessiye introdnctlons of addttionsl onantities of gas, pmiitod 
that each time the pressnn be not ineraased moie taan ^ of a mBHmetare, and 
that the total pressure do not in all exceed 5 or 6"". 

With nitrogen and atmopplieric air the incidents arc the same, only we can- 
not push the experimeni t-u tar, the pressure at which the pheuomeuon reuses 
to take place with these gases being much less than it is with hydrogen. The 
nanrow stris which display themselTes at the menMnt of the eatcanee of the gas 
on that side where the entranee takes place are also less distiset and leas bril- 
liant, but there is equall}'' a momentary disappearance of the obscure space, the 
production of n roseate mist, and progression of this mist, on the cessation of 
the introduction of gas, from the negative electrode to the positive. With the 
three gases alike, we see, when the introduction is efiected on the side of the 
negatire electrode, the mist advance at first like the slender striated diiead 
which follows the axis of the tnbe ftnm the positive electrode \jo the negative; 
then, having arrived at this extremity of the tube, it turns baeky passing ovsr> 
as has been said, from the negative to the positive electrode. 

This mist evidently proceeds from a portion of the gaa which, in entering the 
tnbe, is excessively dilated, and becomes visible by the electricity which trav- 
erses it From the slowness widi whieh.flie mist is propagated we may jud|e 
•f the Mde degree of eUstiefittoe in tiiegaa. Itistothesameeanseprohal^f 



UiQiiizea by LiOOgle 



THE P&OPAOATION OF EL^CTftlCITT, 



179 



that we should ascribe the slowoess wiili which the mixture of the gae which 
k cnlsriiiff ike tube irHh fbal ainady preteal it cflbotod— a dowiMM wlUeh li 

iiMiifinlftil hj the dretUDstance of the definH» mad tunrow Btris appearing in, 

the new portion of gas, while in the old the strias are much larger, and by no 
means so distinctly defined — a phenomenon which can only proceed from the 
former not being, at the moment when it enters the tube, so mnch dilated as the 
gas wiiich was already there. In fiue, the fact that the gaseous column witk 
narrow atris ia much larger when the gas which prodnoes it entem on the «ide 
if the negative eleetrode than when it enters on toat o# the poiitife, is a proof 
that, before the new introduction /)f gas, the gaseous column already in the tube 
was much more dilated in the neighborhood of the negative electrode than on 
the Bide of the posiUve. So, then, the passage of the electric discharges very 
rapidly sacceemng one another across a rapped gaseous column would pro- 
when the raieAMtiM had leaefaed a eertain ^togiee variable witk 
the nature, and consequently with the eottdnctibility of the gas, first, a consid- 
erable dilatation of the gaseous matter around the negative electrode, and next, 
l>eginning in this dilated portion of the column, a Fuecession of alternate con- 
tractions and dilatations as far as the positive electrode. It is highly probable 
that the sao^ effect takes place when the gas is not sufficiently rarefied for 
pfodiMiBg atnlifieation of the eieetrie B|^t. But ia that eaae, tibe greater 
elastic force of the gas, joined with the necessarily less rapid s n ee eari on of the 
discharges, allow- tin iinincdiate retnm of the contracted and dilated strritn to 
their state of normal density, and thus prevents tiiat double state from mani- 
festing itself; while when toe gas is less elastic, and the disclmrges succeed one 
another more rapidly, the state of dihtation and contraction of successiTe strata 
wdneed hy a fint diaeham still aohiiBta when • seeond annrest the leaiilt 
oeing that it becomes sensible. 

The ti an;^mi?'=ion of rlrctricity. tberj, through a gaseous column ocori«ioTiH n 
movement in the particles oi gas, and that movement seems to be an impulse 
emanating from the negative electrode. Might not this effect be attributed to 
the static e loetiieltj ! mk whieh the nolecales are charged, and which would 
aagment their eonatitttttvemnlfiaiit We know, and it is aeen hj the Hnnl- 
nous aureoles which surround the neigatiTe ball and rod, that, at an equal tensidtty 
the nrgative electricity issues more readilv than the positive from its mrtallic 
electrodes in order to penetrate into the rareticd ambient medium. Hence, the 
portion of that medium nearest to the negative electrode must be more cliarged 
with static (negative) etoet rf c l ^ dian la (with poaitlTe) the portion ef the we- 
fied gaa near the positive electrode { it is not, ttien,'snipri0ing that the repiilri<vn 
of the gaseous molecules, and eonseqvently the rarefaction of the gas, should be 
^rreater in the first of these two portions than in the second.* Now, why docs 
negative electricity diffuse itself more easily than positive under the same con- 
ditions of intensity, magnitude, and jposition of electrodes, nature and rarefac- 
tion of the ambient neunml Heze la the myateij, or at leaat a point of moat 
mteieating eonaideiation as regards the theoiy of electricity. 

i m— PABTICUL AK P HEN OMENA F BESENTED BY DIFFERENT PAiiXS OF 

THE BTRAHFIED ELECTRIC CURRENT. 

The gaseous column traversed by the electric current is composed, as we 
have saidt when it has been brought to a certain degree of rarefaction, of strata 
slteraately dilated and contraete£ with an obecvre ^^pace greatly dflated hi the 
neighborhood of the negative eleetfodei The more dilated parts of the colmnn 
offering less resistance to the trsoamMon of eleetriei^ mast remain obseoie. 



* Tbe fact that the electridty of tension is more easily propagated around the ncgatiTe than 
wnm^ theposHivetlselividamayheTCaidlfyirerillBdby experiment, as weUastlisperaisneBt 

state i''' ( I' I trie tcnsiou of the gaseous iliiisB fliiilBft IBS f iswp sf thn iilnrtiln mmmt, iilim 
erer ma^ be the rareiiMtion of the gas. 
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while the more oontiaotecl, with less cspaeity of conduction, grow waim* and 

become liiniinoTis, cvon -wlieii it U the same discharge which traverses them. 
Wc should here expect u ])lienom( non exactly analogous to that which is pro- 
duced when we place iu the cu-cuit of a voltaic pile a chain formed of alteniate 
wires of platinaand silTer, haying the Bune length and diameter; although they 
both tranBinit the same cnrrent, the wires of platina, offering most resistaneet 
grow hot, and become even ineandeBoeat» wmle those of eUver* being better 
conductor?, remain cold and opaque. 

To demonstrate that in fact the space remaining opaque oflers h.^ti resistance 
to the transmission of electricity in the stratified column than the luminous part 
of that column, I have arrangra two small disks of platina, in diameter> 
each attached by a point iu its circumference to the end of a wire of platina, 
enclosed in a tube of glass, in such a way as to be kept parallel to one another 
at a distance of three centimetres. The two di?kB are connected in a solid 
manner, though very careiully isolated, and without any possible electric com- 
munication except by means of the wires of platina soldered to their circumfer^ 
encc, and enclosed in a tube of glass. The free extremities of the two wires of 
platina can be respectively placed in communication with those of the wire of a 
galvanometer. Tlio apparatus is arranged in such manner that tlie two disks 
of platina may be introduced into the stratified electric stream so as to cut it 
transversely, and to have their centres situated in the very axis of the stream. 
They thus serve as mnds destined for the derivation of a part of the current, 
and the intensity of that derived portion, which is so mnch less as the conduc- 
tibility of the interval of derivation is greater» is measured by the deviation of 
♦he needle of the galvanometer put in communication with the free extremities 
of the platina wires wliicli ^u])])oi t the disks; these wires, as has been said, are 
themselves enclosed in tubes of glass where they traverse the recipient which 
contains the rarefied gas, with a view to theif ranaining well isolated, and that 
the disks alone may be in contact with the gaseous substance which transmits 
the di?cliar(::es. Now, it suflices to change the direction of these discharges in 
order that the sounds, without being displaced, shall bo immf'rs< d eithei- iu the 
obscure space near the negative electrode, or in the luminous space hear the 
positive one. The apparatus is, moreover, so contrived that the sounds may be 
placed in other portions of the current. It is proper to add, that the elcctrodea 
between which the electric stream passes are two disks of pkttina, each five cen- 
timetres in diameter, jil.ieerl ]mralle] to one another at a rli-rance which may 
vary from forty to tliiriy ceutimetrt s, and consequently, like the little disks 
serviug as souuus, perpendicular to the axis of the stream. 

Thu following are some experiments made successively with nitrogen and 
hydrogen : 

NITBOOBN, OB ATM08PHKRIG AIR. 

Pmwuro of the gas. Intenaity of the derived current 

S^itadt near the poaitite titetnde. SouMd$ near tkatutgative eleetndt. 

G'""i 70^ IS** 

4'""^.; 40^ 8** 

2«» 18« 3® 

JIYDKOGEN. 

15""" 90° 90** 

6'""^ 82'* 65° 

4">™ 52° 2° 

8™" 35^ 0*» 

^Wc j:eo from these tables that the iutensity of the derived current dimiaishes 
with the prcssui-c, although the transmitted current be much stronger, which 
shows wiih \\ liat mpidity the resistance of the gas diminishes in proportion aa 
its rarefaction increases. But at the same time the duninution of the derived 
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current, and consequently tbat of the resistance, is much greater when the 
loundB are immerE»ed in the obscare space near the negative electrode than in 
the lominoiiB pan of ^ stream near die poritlTe (me. Thus, under Uie press- 
ure of 2°^°*, it is impoesible in hydrogen to perceive tbe least derived eunent 
in the bla<^ qtaee^ vbile this derived current is at tlie same time 35° in the 
lummouf! ppace; at a pressnre of 15"'"^ it was 90° in the neighborhood of the 
tvvo electrodes alike, but there was as yet no formation of the obscure space* 
and consequently the state of density of the gas was the same at the two ex> 
tremitles of the tabe. The resistanoe of the obseoie space is also rery feeble 
in nitrogen under a pressure of 2""S since the derived current is only S*'* while 
it Is 18^ in the luminous space ; but the diiFerenee between the two derived 
cnrrents is le«s than in hydrogen. This difference repnlts f?om the fact thit 
hydrogen, having a conductibility much superior to tliat of nitrogen on tlie one 
haud, the absolute intensity of the current is greater, which explaiuB why we 
have 3^ instead of 18^ in the Imninoos space ; on the other hand, the derived 
portion must then be less where rarelketion still more augments the conduct!^ 
bility of the gas, whieh aeoonnts for onr having O'^ in place of in Uie obeeuM 
space. 

Let ns here remarli, that all the results which show the unequal resistance 
presented by difi'erent jiarta of tlie eame gaseous column to the propi^ation 
of dectrieity are readily comparable with one another, since it is the same elec- 
tric stream which snceeigBively traverses these diffiBrent and unequally condnctlng 
parts. 

If we place the sounds in a portion of the stream which is ^ of the distance 
from one of the electrodes, and cousequeutly § from the other, we have for 
the intensity of the derived current, under a pressure of 2°*™ in air or nitrogen, 
9* when the negative electrode» IS^ when the positive, is nearest to the sounds. 
In hydrogen we have 20^ and 36^. Thus, the conductibility of the gaseous 
column ^ocs on diminishing gradually from the obscnre space, where it is at its 
znaximnni, to the ppaee near the po.-^itive electrode, where it is at it8 minimum. 

By placing the sounds always in the same portion of the stream, we can 
find in the intensity of the derived current a sufficiently exact expression of the 
degree of resistance of different gases at different degrees of pressure, provided 
we take care, by meabs of a rheostat, to give to the principal current in each 
ca?e the same degree of absolute force. 'J 'his i^^ an iiiLvestigation with which I 
am at present occupied, and which is not yet finished. 

We see, then, that the obscure space neai- the negative electrode oQbrsi much 
less resistance to the passage of the current than docs the luminous part near 
the positive electrode. It tnence results that, for the same reason that the less 
conductive portion of the gaseous colunm is more luminous than that with 
greater conducting capacity, which remains nearly dark, the temperature of the 
hrst should be higher than that of the second — an iniercnce which experiment 
has fully confirmed. 

Two thermometers of mercury, with cylindrical reservoirs, were placed in the 
interior of the tube, which is 16 centimetres in length and 4 in diameter, at the 
respective distance of one centimetre from each of the electrodes— « distanee 
sumcient, as was ascertained, to annul the cooling or heating influence of those 
electrodes. That the iutiuence would rather have been refrigerant, was found 
susceptible of verification by bringing them nearer the reservoir of the ther- 
mometers, which hi not surprising, iu view of their ^Umensions, (full metsUie 
bidls one eentunetre in diameter.) 

By causing the eleetrie stream to traverse the rarefied nitrogen or hydrogen, 
a great difTerenc<» was at once perceptible between the temperature acquired by 
the ihennometer placed in the dark space near the negative electrode and that 
ac<j^uircd by the thermometer placed in the luminous space near the positive 
eleetrode. These dlilbrenees observe nearly the same ratio between the preas- 
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ores of 1 to 10°^| even when the absolute temperatures> with which they must 
not bo confonnded, vaiy with the preesare ana with thd natare of the gaaea. 

Hhaat even when there is no longer any gensible obscure space at the negative 
electrode, the thermometer is less elevated there than in the neighborhood of 

the positive, which proves that the ^as is tliero moro dilated and of more con- 
ducting capacity. The difference of t( mperatuie, tiien, should bo a still more 
sensible criterion Liiaii tiiu diiicreiice oi brightness, of the greater or less electric 
leeietance of different parts of the gaseous colimui. The absolute temperature 
is in general less in hydrogen at all degrees of rarefiietton than in nitrc^en and 
atmospheric air, which offer more resistance to the passage of electricity. The 
difference between the two thermometers was, moreover, never so great in hydro- 
gen as in nitrogen, or atmospheric air. Thus it was at the maximum of 4^^* 
in hydrogen, under the pressure of 9 to 12^, the thermometer having risen, 
in two mimtu, from 21^ to sei"" at the negative eleeiarode, and 21^ to 31° at 
the positive. In nitrogen the maximum difference was 5° under the pressure 
of 5°!^, (20° to 24" at the negative thermometer, 20° to 29^ at the positive.) 
In atrtwupheric air the maximum difference was, at a pressure of 6™°», 6*^, (from 
18° to 20^ at the negative thermometer, and from 18^ to Tia^ at the positive.) 
At a pressure of 20°^ the diflbrence was not more in hydrogen than 2^°, (from 
21° to 28^^, and from 2P to 26° ;) in mtrogen but a half degree, (from 20° to 
to 2!P, and from 25° to 25 J° ;) ana in atmospheric air it was null, (from 19° to 
28° at the two thermomftprs alike.) When there is no longer a difference be- 
tween the indications of die two thermometers, or that difference is very slight, 
it will be observed that ihe appearance of the luminous stream is perfectly 
nnifoim thiongh its whole extent. 
Here ve give a tahle of some experiments : 

ATMUSFHEUlc. AIR, {duration^ the cj:^tti uuejit, two minutes.) 

Pressure. Positive thermometer. Negative thermometer. Difference. 

16° to 25° 16° to 21° 4° 

18° to 31° 18° to25i° 5J° 

G""" 18° to 32° 18° to 26° 6° 

8«™ 18° to 31° 18° to27J° 3J° 

10™" 18° to 31° 18° to 28° S*' 

] 18^0 to 31° 18J° to 29° 2° 

20*^ 19° to^S** 19° to 28° 0° 

NITBOOKN, {dvraUan of the expmmaU, two mtmOes.) 

19° to 24° 19° to 22° 

20i°to28° 20}° to 26° 

5"^°» 20° to 29° 20° to 24° 

6"»» 20° to 31}° 20° to 27° 

9°^ 20° to 31° 20° to 27° 

15°^ 21'' to 30° 21^ to 27^ 

20™ 20'' to 25}° 20° to 25° 

UYDBOOEN, (duratum the est^^ment, two minutes.) 

21° to 27° 21° to 25° 2° 

20° to 28}° 20° to 25}° 3° 

21° to 29° 20° to 25rV° 3}° 

21° to 31" ^0° to 26}^ 4}° 

21° to 30° 21° to 26" 4° 

21° to 28^° 21° to 26° 2}° 

21° to 25° 21° to 23 J° I}® 





* The thermomgtrio indication are in degrees of BaaomuE. 
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Tlie followJag ig fha isanU of an experiment in which the i^*¥tf<m of the 
passage of the current wajB pdoQged: Mjood d miaafces* ihzoiigh ■tmoipherie 
air at a pressure of , 

DintioaofpaiHgA. Fsothhretluniioiiwln; Vagtdve dMcuMiiMtsr. BUfaMnoB. 

y 18*to3r 18° to 26^ 6° 

4' — to 37^ — to30|° 6J** 

6' — to 40° — to 32^ 8° 

8' — to 42° — to 33^ 9** 

1(/ — to43« — to34» 9*» 

In proportion as tho duration of the experiment increases and the abBolulc 
temperature rises, tho difiereuces bctweeu the temperatures indicated by each 
ct the two tiMnnometm beeome proporliioiiaUy kit ; tbe fadtorttons of too two 
llkeimoraeters end by appiozSiiiatiiig, and oven becoming* tbe Mma aftir the 
lapse of a certain time. Hydrogen and nitrogen give the same results. 

The numbers whicli express the temperatures in the preceding taWes cannot 
be f^iven as being of perfect exactness ; they vary, in effect, in their abtiolute 
values with tho intensity of the electric Btream ; but they are buihciently coa- 
Mant and ezael to demonstrate : lat» that then ia a sensible devation of teo^ 
pemtme, which aocompanies»the propagation of the electrie current in rarefied 
gases ; 2d, that ihv? elevation is sensibly less in the nei^hborliood of the 
negative electrode than near the positive, wfif-n once tho. gases arc sufiiciejitly 
rarehed for the discharge to pass easily and the electric light to be stratified ; 
3d, that the absolute elevations of temperature at the two electrodes, and thdr 
di ft gCBc e e, vaij with the density and the nature of the gas* 

A fact which shows well all the calorific and Imninons power of eleetrid^, 
is, that hydrogen reduced to LVni^i of pressure can br cnnif luminous and be 
heated in a very sensible degree* by the passage of electricity, although at that 
pressure it has a density so inconsiderable that a cubic centimetre of the gas 
ooes not weigh more than barely of a milligramme. 

When we see matter so subtle aa hydrogen redueed to one or two milUmetres 
oi pressure, becoming luminous under themflmcc of electricity, the temptation 
can hardly be resisted of surmising an analogy with the matter at once so subtle 
and so luminous wliicli constitutes the cometary bodices. This analogy becomes 
stall more striking when we examine closely the appearance present^, in the 
tabe which oontains the xaiefied hydrogen travened bj the electric emcrent, by 
those species of famdnons mists which manifest diemsdves at the moment Vhen 
we introdiice a Httle gas Into the tube, and which we also see in the obscure 
Fpace when a certain dejrreo of rarefaction has been attained. Undoubtedly the 
gaseous matter is there still m i c rarefied than it is in the rest of the mass where 
it is already extremely so, and it offers at the same time a remarkable resom- 
blanoe with the ImnJiiims matter which eonstitiites the oometo. 



# IV.— imXtTENCE OF MAGNETISM ON ELECTRIC CCT?RENT8 FBOPAOATBD 
IN HIOHLY PAttRiWBn aAAEOUS MEDIUMS. 

Thla influence* whose existence I have shown under the foim of a rotation 
oonununicated by the pole of a magnet to the electric currents which radiate 

from it, if, as might be expected, and, as M. Pliicker has evinced by several re- 
markable experiments, general. The luminous tilameuts which display them- 
selves iu rarefied gases, traversed by the dischaiges of the Huhmkorff' apparatus^ 

• The heatine of the gas must in fact be very coiisiJna1)le to be capable, in two nilimtes, of 
raising by nearly 3° the temperature of a thermometer who^ reservoir is a cylinder of mer- 
cury 2i millimetres in diameter by 3 fwnt i mH t r e s in length. Besides, the single feet Uiat tlis 
is laminooBwaftovinoMitsliightanpaatemi fortbsligteiflsvK^^ 
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are attracted or repelled by magnets as electric currents circulating in metallic 
wires would be. lu a word, this action is subject to all the laws of electro- 
dynamics, with this difTerence, that all the parts of the mobile conductor being 
independent of one another, inBtead of being united with one another, as tihej 
are in a rigid wire, they completely obey the forces which act upon them, and 
take the positions of equilibrium which result therefrom. Hence it is that the 
luminous filament takes the form of a magnetic curve; a necessary condition, in 
order that the ecjuilibriuin should take place, isiiice the action of the magnet on 
the element of the current is then nothing, the direction of the action being per- 
pendicnlar to that element when it is a tangent to the magnetic corve. 

I have yerified in anndiy cases the law just recited, and have evra succeeded 
in showing that, conformably to the law of Ampdre, two electric streams haying 
the same direction in a rarefied gas attract each other as two voltaic currents 
transmitted across movable metallic wires would do. 1 have not realized the 
repulsion of two electric streams passing in contrary directions, by reason of the 
piBctical difficulty which I havenitherto encountered in conatnicting an appa- 
ratus for the purpose. I do not» however, renounce the hope of being able to 
do so. I sliall return to this Bubjcct in an article in which T propose to consider 
the mutual action of electric currents ou one another. I restrict myself, for the 
present, to an investigation of the effects of magnetic action on those currents. 

My rcseardies on this subject comprise two scries of experiments : first, those 
in which the eIectro>magnet from which the electric aetion emanatos is placed 
0Ztemally to the rarefied gas ihrough which the electric stream is propagated; 
secondly, those in M'liich the magnetized iron is situated in the ga? itself. 

One of the most simple cases is that in which one of the tubes of which I 
have spoken in preceding experiments is placed either axially or equatorially in 
relation to the poles of a stroos electro-magnet The following is what is ob- 
lerved when care has been ta&en to rarefy well the gas which tranamita the 
electric enrrent. The portion of this current submitted to magnetic action is 
condensed towards the walls of the tube in the part nearest, or that most remote 
from, the magnetic poles, according to the direction of the current and that of 
the magnetization i the Btrise become much more compressed and more brilliant. 
If the portion of the tube placed in the neigfabosfaood of the dedro-nagiLet la 
tiiat where the negative electrode happens to be, the obscure space ia immedi' 
ately sera to become luminous, and to present cbse and faiiUiant stria; as would 
be thd case with the constantly luminous portion of the current which seems to 
' advance. At the same time, the bluish photosphere which surrounds the neg- • 
ative ball contracts to at least half its size, becoming more brilliant, and the sort 
of bluith sheath which surrounded the metallie rod, at the extremity of which 
is liie negative electrode, completely disappears. All that bluish atmosphere la 
concentrated on the ball. It seems that all the gaseous filaments, which may 
be considered as so many conductors of the discharge, instead of radiating from 
all points of the negative ball and i-od, aud being disseminated through the 
entire gaseous mass as far aa the positive electrode, radiate only, when the 
magnetic action is exerted on them, ftom the nogatlTebaU, beeoming condensed 
towards the walls of the tube, on one side or the othw, as fiur as that pcnrtion of 
their coTir?e at which, the action being no longer sensible, thc^ resume their 
normni position. This condensation explains v, hy the part of the current which 
was obscure because the gas was there too much dilated, becomes luminous, aud 
why that jpart which was already luminous becomes more slender and brilliant, 
wim stratifications more dosdy compressed. The aetion of the magnet pro- 
duces the same effect which would oe produced by a local augmentatiou of 
density in the rarefied gaseous matter. Further, it is not necessary that the 
action of the magnrt sliould take place exactly on tin; obscure part in order to 
its becoming luminous i it eq^ually becomes so, even when the magnetism acts 
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<n mother portion of ^e ennreiit, provided it be nol too remote from die neg^ 
adve eleetiode. 

The eonsequcnce of the explanation juBt gifen, and which it iB easy to verify 
by experiment, ia, that the portion of the gas which tran-^mit.s the dischar^ 
must, when it irf subjected to tlio uction of the magnet, beconie a more imperfect 
conductor, and that consequently the electric current muc»t, uu the whole, oa- 
eomiter a eieater reevtanee in ita paaaage along the interior of the tube wImb 
<me part or the tnbe ia approached by the electro-magnet than it eneoantered 
previonely. 

Thus the tube of one metre bpin-; filled with rareiVrl liydrof»en, and the ap- 
paratus of derivation placed in the circuit,* we obtain the following results : 

LikO^ty of the derived eomnt. 
Waiummi^ptttiutlon. MugiutiiMtiommttkM J|f^fa«tfMtfM«tll« 



38® 30° 20* 

30* 30« lO* 



With the tube 50 centimetres in length, filled with nitrogen, we have : 

Ttmuan, latfliutity of the derived oiunnt 

WUiunU magnetixatiom. Magnetixation at tJu Magnttiuuion at tht 

tttttke tlectroi^ wyriw dteirod$. 

2«»™ V 57° 52° 42** 

4mTn 37^.. • 27°. .•••••«•••• 17** 

Qtam 25*...^ 20° 12° 

The effects are more mu-ked when the tnbea are pfaced equatorially between 
two soft-iron armatnrrs of the clcctro-ma^ct, which are immediately in contact 
with the walls of the tube, than ^vlicu they arc placed axially on the poles 
themselves. We see that there is a much greater increase of resistance when the 
magnetism acts on the portion of the eorrent near the aegatire electrode than 
iHien it acta on the portion near the poaitive electrode. The reaaon of thta 
diftrence is, that the first portion whleh, aa we hare seen in the preceding 
paragraph, is endued with a much greater share of condnctibility, nni.^t natu- 
rally experience a more considerable diminution of that property by the con- 
deusatiou of the gaseous matter produced by the action of the maguet, than is 
experienced by the second portion, where the gaa ia lees rarefied. Toe direetleii 
of the magnetisation has no inflnence on the resolta t it haa no o&er effset th«i 
to elevate or depress the cnrrent* wliich» when the magnet does not act* is simply 
horizontal. 

Among the experiments which I have made regarding the influence exerted 
by the exterior action of magnetism on rarefied gases enclosed in tubes, I will 
farther dte those in which tbe tnbe k convolnted into a flat spiral terminaled 
by two prolongations perpendicular to the plane of the spiral which serve to in* 
trodoce and rarefy the gas, as well as to gtve a passage to the disehso-ges ; the 
tube of the ppiral and its prolong-ationa is a little less than one centimetre in 
diameter, and it« total development nearly ein-lity centimetres. It is necessary 
that the gas should be raieticd at leaat as much as 2™° for the discharges to 
pass when nitrogen or atmoapherio air is employed. With hydrogen, a prees- 
nre of 5 or 6°^ suffices for their transmission. But whatever the ga^ or its 
deg:rce of rarefaction, it is only after the lapse of some minutes from its being 
plac<'d in the circuit that the discharge begins to pass. It w evidently neces- 
saiy that it phonld be sometimes charged with ptatic electricity for the resist- 
ance to the establishment of the continuous stream to be surmounted. But that 

* It should not bo forgotten that here the derived current is proportional to the principal 
current, bo that its intrriM'y ntny icgnnlr-d as beisg ipMfb <ppn>xi«Sto|y tito msasaw <Mf 
ihAt nf thfl discharge wiiidi LuvuibCij the tube. 
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leswtaaeB once antmptfttteJ, we nmj interrupt the passage of die dioebarge witb- 
ent'inciixriiig the necessity of waitmg more than an instant for the tnuiamisaSoii 

to recommence, when we close the circuit anew, provided tlic interruption (\opb 
not exceed an hour or two. The luminous current presents, with hydrogen 
under a pressure of 5 or 6"^, very neat and distinct striae of a rose color ; at a 
preesuie of 2"^, thej beoome SNMh larger and kaa diatinet; tlie color ie also 
paler. The same occuis with air and with nitrogen* Vnt tlie effiBCta axe moie 
striking with hydrogen. . A remarkable appeannee pvesented by the euzrent in 
the interior of the spiral is, that it seems to undergo a very distinct movr-ment 
of rotation, in a direction which appears to vary with the direction of tin din- 
charge i hut this la^t result is not very constant, which has led me to think thai 
the rotation is only apparent, and that it is the effsct of the discontinuity of the 
discharges which oonstltitte the cuiTent, a discontinnity which produces llie 
illnsiou of a displacement. This ^oint, however, deserves to be studied anew. 

In order to ohservc the action ot magnetism on the spiral current, I place the 
spiral of glasri between the two })ok'3 of the electro-magnet in such a way that 
it& plane shall be the sanie with that of the two polar jsurtacee, the two prolon- 
gations being thus lendeved yertieal, tbe ono above* tibe odier bdow, that plane. 
The magnetization, aeoording to its direction, either condenses the current 
towards the interior walls of the spiral tube, or, on the contrary, repels it towards 
the exterior walls, rendering it very diffuse. In the first case, it hecomoB liijz^hly 
brilliant, and the stratifications are very distinct; in the sei Lnd ease, tin-y arp 
but slightly visible, and the current itself is much larger and (^uiLc dim, it 
appears to undergo, in even a more sensible manner, the moyement of rotatimi, 
of which we have spoken. A quite curious fact is, that in the vertical branch 
of the tube which ia below the spiral, and consequently between the two 
branches of the electro-mnmiet, the current divides itself, under the influence of 
the magnetism, into two streams or filaments, which tend, respectively, to uiu 
and the other side of the tube. Of these two filaments, one is very small, and 
of little brillianey, in comparison with the other. The eanse of thia senazation 
conBl8t&, very probably, in the fact that the inductive eonent of llie BumnkorlT 
apparatus is really compo^od, ns we have already taken occasion to say, of two 
puecessive and opposite inducri\ currents, one having much more tension, and 
passing almost exclusively through the gas, while the other is transmitted with 
much di^Su^uIty, but yet passes, in very small proportion, it is true, since the 
action of the magnet seperates it ficom the prmc^al cuneat* which is the only 
one in general tl^t it is requisite to consider itttma Idndof phflOMnena, beeanae 

it is by much tlio stmnsTPt. 

I have sought to determine in the case of the spiral tube, as I had done with 
the large rectilinear tube, the influence of magnetization on the resistance of the 
gas to the tnasmissSon of the disehaxge, and 1 haye obtained a rather curious 
lesult. The two points of pla^na of the apparatos of derivation beinft aft a dJa* 
tance of ten millimetres from one another in the distilled water, I Mitained a 
derivative current of 20°, the spiral tube being' filled with hydrogen nr.dr r the 
pressure of 2"™. The spiral was placed vertically between ihv two horizontal 
armatures of the electro-magnet which were exactly in contact with its two 
ftees. Ab ioen as the magn&aatfmi took place, the derivative current was re- 
duced to 15^, when the discharge was repeUed* and driven towards the exterior 
walls of the spii-al with an apparent movement of xotatioii, ai^ it was raised, on 
tbe contrary, to 25'^, when the discharge was condensed towards the interior 
walls of the spiral. Does this iniiuence of the direction of the cuireut or of ihp 
magnetization depend on the particular form given to the stream, or to the small 
diameter of the tube* in comparison with ita development la length ? It ia a 
point for fotnre elncidatzon. 

I pass now to the case where the magnetic pole is in the midst of tbe gas 
whidi tcanamits tbe diachaige. X have tot operated with a spherioal §;hm 
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alMnil ffikeen eaattiinetaai in diameter* faxMneA wilk firar tnlmlims dtaatod it 

ihe respective extremities of two diameters of the globe, which interseet ono 
anotiier at right angle?. Two cylmrlnpnl rorlf of soft iron are fixed by means 
of two of these tubuiur«s in the interior oi' the globe, in the direction of 
the same diameter, so that their interior extremities ma/ be at a didtance of 
about eight ov ten eentfaaetree from <nie aaoiher, while their eztnior extranilies 
ptf^eet from the tubolore nearly two centimetres. It is tbeee exterior extreaii- 
ties which are to be placed in contaet with the poles of »ttniiigelestro-magnet» 
in order that the interior extrfmitiVs may thus become two ma^etic poles. 
The two other tubulurcs serve to introduce into the interior of the globe two 
isolated metallic rods, terminated bv bails which are at a distance of about ten 
MDtimetrea from one another* ad which aerre as eleotrodes to the eleetrie 
a^eam whose direction is ti^na eqnaftorialf that la to aay* perpendicular to the 
right line which joins the two magnetic poles. Aa loner n.^ the rods of soft iron 
are not magnetized, the electric stream remains perfectly ri i tilincnr ; bnt so soon 
ad maj^netization takes place, the stream, which we will suppose to have a hori- 
zontal direction, taken the form ol a hall circumi'erence of a circle situated either 
above or below the line whieh Joins the magnetic poles, acocttdbig to the direc* 
tion of the magnetimtion or that of the discnaige. The form of the Inminoiia 
arc is that of a half ring mnch fattened, as well as widened^ The strin an 
Ptrongly marked in it, more than tliey were in the rectilinear current, and its 
exterior part is mnch perrated, edpecijilly when the gas contains a little vapor 
of alcohol or ether. li iho electric current, instead of being eq^uatorial, ia axial, 
that la to say, diieeted from one of the magnetie polea to the other, these two 
poles serving it as electrodes, it expsrieiieea no ssnsiUe modifiealiim onder the 
mfiuence of magnetization. 

If, however, the dischai'ge is made to pa?3 between a ball of brass and one 
of iron, placed at the extremity of an iron rod »<> as to be capable of being mag- 
neiized, there is observed, at the moment of magnetization, a movement of de> 
presatoD, or of elevation in the laminous atmosphere wb&ek snnvonds the baU 
of iron. This movement pertains evidently to the change of direction under- 
gone by the electric filamentB which radiate from the ball. But the best mode of 
Studying the action of magnetism in the cases where the magnetized bar is in the 
interior of the gas, is to make use of a bell or cylindrical jar sixteen centimetres 
in diameter by twenty centimetres in height, in the axis of which is placed a 
rod of soft iron having a diameter of abont three centimetres, whose roonded 
ead is situated at the middle of the axis of the cyUader. This rod is planted 
in a circular disc, Avhich serves to close the jar. A metallic ring, about twelve 
centimetres in diameter, formed of wii-e from 3 to 4"^ in diameter, and having 
for its centre the top of the iron rod, is situated in a plane perpendicular to the 
axis of the jar. This ring communicates, by means of a rod covered with an 
iaolating coat wliioh is soldered to it, wtth one of the polea of the Bnhmkorff 
apparatus, while the other pole is placed in communication, outside the jar, 
with the extremity of the rod of soft iron, which, in the interior of the jar, is 
al?o covered with an isolating coat, except at its summit. Tt is between this 
summit and the tin^ of which it is the centre that the discharge takes place. 
In order to aagnetiae the rod of soft hron, it now snffices to place it in contact, 
by its exterior extrenoQr, with the pole of an eleetro-magniBt, taking care to 
^plart between the two a thin strip of eaontchonc to serve as an isolating layer, so 
that the whole apparatus shall be well isolated. The cylindrical jar is also 
closed at that one of its two extremities where the rod of soft iron ip absent, 
and it is there famished with two cocks, of which one serves to form a vacuum, 
and to introdnce a gas which is mors or lees rarefied} and the oAer, oonstraeted 
in Qay Lnssac's manner, pemdts the intzodnetioD into flie ball of a greater or 
leas foantity of vapor of whatever nataie. 
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I haft made snaiij «zperim«iite with this jar hy filling H sneeeaairely with 
atmoBpberie air* with nitrogen, and witii hydrogen, at diffierent degrees of rare- 
faction, these g^ases being at times perfectly diy ; at otherB» eontaining a gteatef 

or less proportion of vapor, eithi r of water or of alcohol. 

Atmospheric air and uitiog:en, when both dry, give nearly identical results, 
with this differetiee, that the light ia more Tirid aim clearer with nitrogen. If 
the Boft iron be taken for tho positiye electrode> and the ring for the negative 
oHe, the luminous current is aeen to form, at a certain degree of rarefaction, a 
sort of ]i(Mch-red envelope aronnd the top of the goft iron, and a shcatli of a 
pale violet color along an arc of a greater or less number of deg:rees around the 
ring. At u very weak pressure this sheath encompasses the whole ring, while 
the top of the soft ixon is completelj enreloped with a rosensobred aureole, 
firom which issues a yery short stream of the same shade, and presenting the 
foaem of a large virgule, or comma. This virgule, when the iron ia magnetized, 
ia distinctly seen to turn in one or the other direction, with the aureole from 
which it emanates, according to the direction of the magncti^wiLion. The violet- 
colored ii^heath which tiurvoundi^ the ring iti alt^o Been to turn in the game direc- 
tion with the rose-eolored aureole* although thej are senarated bj a space 
eomplotelj obsenre. By changing the direction of the discbarges, there wul be 
seen at the negative electrode a violet-colored envelope, wliicli only covers the 
whole surface of the top of the ir^T) rod when the gas is very much rarein^d, and 
at tlie pnsifive electrode, brilliani points, Beparated from one another by a roseate 
glimmer which eurroundd the entire ring, and whence emanate regular stratifi- 
eations, internally concentric to the ring. When the gas is not gtSalAy rarefied, 
thor( is seen to issue from the ring a kmunoua jet which tends to the anmmit 
of the ccntnil rod of soff, iron, heinj^ only separated from it by a Praall, black 
space, and which undeij;oes a movement of rotation in one direction or the 
other, like the hand of a watch, according to the direction of the magnetization. 
In this case there is but a portion of the top of the iron rod which is covered 
with the violet envelope, and this luminous segment turns with the brilliant jet. 

I have made a great number of cxperimenta, under the conditions just iadl- 
catefl, witli atmospheric air, with nitrogen, and with hydrogen, whether dry or 
mori^ or less charged with vajjors. T shall proceed to give a description of them 
in a summary manner, first remarking, however, that, whatever be the gas and 
its degree of elasticity, whether it be dry or impregnated with vapor, the rapidity 
of rotation ia always much greater when the ring serres as the positive than 
when it serves as negative electrode, and that this rotation, which increases in 
rapidity in proportion as the tension diminishes, ceases to be appreciable at a 
much less tension in the second case than in the first. 

In my eaidier experiments 1 had made use of a large glohe^ twenty-five cen- 
timetres in diameter, in which the ring was twenty centimetres in diameter, 
and the central iron rod three. This globe was fumiabed with two tubnlnies, 
one serving to introduoe the iron rod, whose top reached the centre of the 
globe, and its lower extremity issuing from fhr lubulure, so as to be ca])a!dt! of 
resting'' on the polar surface of an electro-rnag:net. The other tnbulure waa 
dosed by acock, which served to introduce the gas and vapor, and from it there 
issued an isolated conductor, which supported the ring ana admitted €i its bdng 
placed in the circuit The discharge thus passed between the anmmit of the 
rod of soft iron and the metallic ring. 

This f!;lobe was filled with air rarefied to 4"^"\ Tho discharge took place 
under the form of a stream which turned with a rapidity of sixty revolutions 
per minute when the ring was positive, and twenty when it was. negative. At 
a pressure of 6*^ the velocity was only forty revolutions per second in the 
former case and twenty in the latter. With vapor of alcohol, at a pressure of 
5^, the velocity waa respectively twenty»two ana i^eii revolutlona per minnte. 
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After these first experiments, which served as my introduction to this t^oi t of 
researches, I resumed the study by availing myself of the jar of twenty by six- 
taen eeutimetrest deMnibed above. The foUowing am the leaultB obtomea with 
irj sfcmoapherle air : 

ruasu ie* Number cf smhitloiis In a ninate. 

16''"> 55 36 

12«»°» 83 55 

9«* 99 63 

6»« „ lOD 

128 

• •••••••••• .--••«...•... II ft 

At 9™B, with the ring serving as a positive eleetiode, there is no longer a 

etrcam, but a dilatation of the di.scharge, forming <a sector of from 30° to 45*^ ; 
and this Bcctor obeys the movement of rotation as the stream before obeyed it. 
But it enlarges in proportion aa the pressure diminishes, and at 6"^ forms a 
complete ciicular sheet, and it is then that the rotation, which, ud to thid point, 
had increased in rapidity, becomes no longer sensible. When tae ring serves 
ss a negative eleetrode it is covered with a violet sheath, whose size likewise 
increases in proportion as the pressure diminishes, but which occupies only half 
the eireiimference of the ring under a pressure of 4'"'°. It is seen to turn very 
rapidly, but at a pressure of 2"^™ it occupies the whole circumference of the 
lin^, and there is no longer any sensible rotation. At the summit of the mag- 
netized iron rod there is a roseate anreole, from whichi as has been said* emanates 
at one point a very short jet in shape of a comma, which turns with the violet- 
colored Bheath, from which it is separated by a very considerable obscure interval. 

It should be remarked that, at a pressure of 6, of 4, and sometimes of even 
3°"°, it most often happens, when tlic ring serves as positive electrode, that at 
Ae first moment of the circuit being fonoM there issnea a stream which tnnis 
too rapidl7 to allow its velocity of rotation to be measured, but which qnichlj 
expends so as to form, for so ue instants, a sector which continues to rev(dve» 
Mid soon after a complete circular sheet, whicli no longer manifests any movement. 

It does not follow that the action of magnetism id annulled wLru the gas is 
too much rarefied ibr the continuance of a sensible rotation, iiiat action is 
manifested under another form, as is shown by experiments made under a 
pressure of from 3 to Thus, if the ring serves as n^ative dectrodc, the 

violet sheath which surrounds the soft iron is seen, at the moment when thia 
last 13 magnetized, to subside sensibly, and to rise at the instant of its being 
demagnetized. If, on the contrary, the ring serves as positive electrode, the 
rose-colored sheet whicii tills the interval between the ring and the summit of 
the central rod of iron is ridsed, as well as the violet sheet which issues from 
that summit, at the moment of magneti2ation» and depressed at the instant of 
demagn ctization. 

The following; is a more complete experiment with dri/ nitrogen, and shows 
that rotation beirins to manifest itself at Stronger pressures when the ring is 
positive than when it is negative : 

Pressuro. umber ot rotations in a miixuie. 

3')"'"' 12 , 

29»«» 27 „ 

45 36 

l&am G7 51 

12^ 99 69 

8«» 115 70 

6"™ », 115 

„ 150 
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At 4°*™ the rotation ia too rapid to allow its degree to be obserred ; at 3' 
it appears eomplcftdy to ceMe. The low-oolored aoMole is ywy vivid when 
the summit of the rod of soft iron is positiye. When Uieie is no longer asy 
rotation, there is observed, aa with atmosplirric air, a nMlveiUSttft of depfSiSMm 
and of ascenBion under the influence of magnetization. 

The preBCDcc of vapor modifies in some important particulars the results 
obtained with dry gases. The following is an experiment made with ordiaazy 
air subjected to a pressure of 8™» into which vapor of water has been intro- 
duced in Buecessiye quantitieB* so as to increase that pressure solely bj the 
effect of the presence of the vapors 

Pk«asDx«> Knmlwr of nrtstioiiB in a miinile. 

Omin * 

jj"™" ..•.•«*...••««••..*. ff ff 

Atom 

» .................... tf ft 

6»°H» „ 92 

8>« 140 70 

10<°" 120 52 

12°«» 90.... 50 

14™° 80 48 

We see that at an equal pressure the rapidity of rotation is greater with 
vapor of water than with dry air, which i> nttrilmtahlc probably to the greater 
facility with which the electric discharge traurimittcd. With the external 
air of a mean humidity, we have, with a pressure of 14'*^, 72 revolutions 
instead of 80 when the ring is positive, and 44 Instead of 48 when it is 
negative. 

But the most characteristic fact produced Itr the presence of watf^ry vapor 
is tlic division, under the influence of magnetism, of the single current into 
several small distinct and equidistant currents, which- turn like the radii of a 
wheel. Tliis division is only observed when the ring serves as a positive 
electrode. At a pressure of 6^ the single current heauB with toming, then 
expands, whereupon the rotaUim is no longer pereeplibie; but at the pressure 
of 8, of 10, and of 12™™ this current, from the commencement of its rotation 
under the action of magnetism, divides into live or six small streams which 
turn, as was just said, like the radii of a wheel j while, when the air is dry, the 
current never divides ; butt nnder a weak pressure, it merely expands into a 
sector or a circle of which all die parts are continnons. 

Win u the ring is negative, and there is vapor present, it will he seen that 
the current which issues from the Hummit of the iron rod presents, where it is 
in contact with the iron and at the moment when this is magnetized, instead of 
a continuous surface, a scries of small brilliant points, which seem points of 
emanation for as naany small currents, too little distant fkom one another to 
become distinct. Here, then, this current, wluch does not divide into separate 
filaments, simply undergoes dilatation or expansion at the point where it is in 
contact with the iron. 

Tlic vapor of alcohol produces similar effects with the vapor of water. The 
single current is, in this case, much more brilliant than with dry air or with the 
vapor of water; it presents fine stratifications, which give it an appearance not 
unlike that of a caterpillar. Magnetization expands and divides it into several 
currents, sensibly larger than those observed with the vapor of water. If, 
however, the diameter of the ring is too large, greater, for in{=!tanco, than fifteen 
centimetres, the subdivision of the current is not effected without difficulty, 
unless the intensity of the discharge and that of the magnetisation be very 
considerable. 

The following is an experiment in which, the rarefied gas being hydrogen, 
different portions of alcohohc vapor were successively introduced. The pressure 
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of the dry and pure gas was in tihe eoaunencMieiit 5™° ; this pressure, as wt 

shall fortliw ith sec, the hydrogen transmits the discharge only under the form 
of a ltiminor.f3 sheet. Tlio prcgBurc was afterwards augmented, aolelj by: 
oi the vapor of alcohol, with the following results : 

FieMniie. Number of londnliaiis In a n^nte. 

JUr^, positive. Mkli 

7°^ Luminous sheet 92 

10™» 80 52 

12™ 64 48 

16°»a 48 88 

18"^ 40 32 

22»°» 30 25 

27^ 24 18 

36"»» 12 10 

38^ 12 10 

The division iuto distinct currents, more or less numerous, was manifested 
when the ring was the positive electrode. 

When pure and diy hydrogen is adopted as the mediimi in whieh the dis- 
charges take e£fect» the phenomena of rotation aie obtained with gi^sat difficnlty. 
At rather strong presstires, such as that of 128™^, we hATe a number of ennents, 
but these currents arc too intermittent to allow of the magnet's acting npon them. 
At 90""" I have obtained a pmall stream under the form of a bluish-white 
filament, which, the ring being positive, turned at the rate of thiity-iive times 
per minnte ; bat, at the lapse of some instants, it became snbdivided into a 
multitude of small, inegular streams, and rotation was no longer perceptible. As 
for as 40""", the action of the magnet was indistinct. At 30™°», the negative 
ring was covered with small violet sheaths, at equal intervals, which seemed to 
experience, at the moment it was magnetized, a tendency to move in one direc- 
tion or the other, according to the direction of the magnetization. The same 
was the case with the small brilliant points, likewise distributed at minnte in- 
tervals, with which the ring, when positire, is covered. At and still more 
at three and at two, the ring is entirely covered, when it is negative, with a fine 
violet-colored sheath, which becomes contracted under the influence of the mag- 
net. TL(! top of the iron rod, which is then positive, is surrounded by a beau- 
tiful white aureole, slightly tinged with rose, three centimetres in breadth, and 
Stratified in a very marked degree* Magnetisation sensibly contracts this au- 
reole, and compresses its striae without diminishing their num1 r. < levating it, 
and, at the same time, giving it the form of a pear resting witli it.s base on the 
magnetic pole. When this pole is the negative electrode, tlierc issues from it, 
as we have seen, a brilliant tuft of a violet color, which conibrma itself to the 
action of the magnet. 

An the phenomena just described show, in a striking manner, the molecular 
difierenoes which Tarious elastic fluids present, as regards one another, even at 
an advanced degree of raref^iction. Thus in hydrogen, although that gas is a 
very good conductor of electricity, electric currents can, with difticulty, and, 
indeed, scarcely at all, obey the action of the magnet, probably by reason of the 
slight density of the gas. In air, and in nitrogen, it is quite otherwise, and still 
more when Uiese gases are humid. The singular property possessed' by the 
dectric current of dividing itself into several small and distinct streams, instead 
of diffusing itself, under the influence of inrtGrnetization, when the medium which 
transmits it contains a more or less quantity of vapor, would seem to indicate 
in the vapor a greater cohesion than in the gases properly so called, if, indeed, 
we may employ the term cohesion when the question relates to elastic fluids so 
mudi rarefied. It might also be possible that this diTision into streamlets is 
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the result of an optical illusion, dm to a very eacceMioiiof jets emanatii^ 
from dificrcnt points, and which, in reality, aie not simidtaneoiu. This n a 

point for cxjiniination. 

However this may be, it is evident that the study of the stratiiicatiou of elec- 
tric light, and of the action of the magnet on the discharges in different gaseous 
mediums, tlii^closos differences between thoee mediums which can only result 
from their difference of molecular constitution. Density, in particular, would 
appear to have a great influence on this order of phenomena, since we see hy- 
drogen manifest tliem in po feeble a degree, while the va])ors of water, and 
especially of alcohol and ether, present them in so decided a manner. The 
proper nature of elastie flnide, opposing more or less leeistuice to the transmis- 
sion of electricity* mnst, donhtless, also play its part. It might not be impos- 
sible then, that, in a more detailed and more exhaustive study of the phenomena 
with which our attention has been occupied, and more particularly of those re- 
lating to the action of the magnet on electi-ic currents propagated in much rare- 
fied elastic fluids, we may he able to find the means of acquiring some new ideas 
on the phy rical constitntion of bodies, and on the manner in wmok the propa- 
gation of eltyctricity is therein effected. 
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In proceeding, as baa been tbe cufjtum of my prcde(M3asors, to present an 
Bceonnt of the labors of the sodely daring the year iiiat elapsed, it is but 
^per that I should acknowkdg(> ho\v^ greaujr my taak has been. &cilitatcd Jby 
the scrupulous exactness witb which the reports of our several meetings have 
beeu drawn up by our secretary, M. Ed. Claparede. Ainnnp: Uu; topics claiming 
my attention, many hnw hvx-n already communicatf^d to the public, or are about 
to be so, through the medium of scicntilic jouiuaia ; ab regarda- these, therefore, 
I ahaU lestrict myself to an Indication of the titles, or a very summary analysis 
of the oondusions arrived at. ' In the anrai^gement of subjects I cannot do better 
than adopt the division into two sections, that of the physical and that of the 
natural scionces. first proposed by M. de la liivp, and since obporvt d liy the 
greater part of the prc^idcnt.s wlio have succeeded him. I phall li>ll«nv, more- 
over, the example of my immediate predecessor in touching very lightly on the 
diflcmsions which have taken place either on the occasion of original memoirs 
fead before the society or of verbal reports on recent discoveries made in other 
ponntries ; not that these discussions have not often possessed a genuine interest, 
but because it U essential, if thi.^ vahial)!o observance h to be retained by us, 
that the aj)prcciation of the labors of otluTs, tlie verbal communications in 
which one is sometimes led to enuuciuLe ideas arising at the moment and perhaps 
not alwajB sufficiently considered, should receive no greater publieitj than that 
which results firom the reading of the Journal Of our eittings. 

PHYSICAL SCIENCES. 

Onr ividcfatig-able collcap^TO, ProfcFfor Oanticr, has continued to kerp the 
society well informed of tlic discovj^ ies made in astromm ?/ . His communica- 
tions have been numerous and diversitied ; we must here limit ourselves to the 
OMution of the most Important. M. Gautier presented to the society, in the first 
place, a report on the observations of M. d'Arrest, of Oopenbiigen, relative to 
the number and to the variability in brigbtnoss of the nebuIlBi as well as to 
certain point?, Ptill dnnbtfal, which would tond to indicate a proper movement 
in isome of those bo(lie^^ ; peconrlly, an account of a memoir of M. Laraon on the 
periods of the variations of magnetic declination, and tho analysis of researches 
by M. Maine on flattening of Maie, whidi he estimates at 3^ > thirdly, a 
report on some recent observations of M.Donati on the comets, and on a memoir* 
of the same duthor relative to stellar spectra: M. Gautier announced on this 
J3 8 ' 
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occasion that Father Sccchi also was occupied in the study of stellar spectra 
compared with the solar spectrum ; fourthly, M. Gautier presented lastly to the 
society a platis of Father Secchi, representiiig the different appearances of 4iie 
nucleos of the comet of 1862, difiPerences which* as M. Wartnia]m> sr., has 
pointed out, might result, ni Icn.^t in part» hoBi the ciiciimBtance that tiie 
observations took place at difVercnt Iiours. 

Professor I'laiitiimour announces that he has collated the series of observa- 
tions made for twenty years on the latitude of the ohservatory of Geneva. 
That latitude wonld he 46^ 11' S&'.16, with a mean error of some hundredths 
of a second. 

MefeoroJagii and terrestrial j^^ty-'^ica establishing; a natnntl bond bcfwcon 
astronomy ;uul jihysics properly ho called, we shall lirst direct our attention to 
several communications which we owe to Professor Plantamour. Besides the 
annual meteorological snmmary for Geneva and Saint-Bernard, published, as 
nsnal, in the archives of the physical and natural sciences of the "Bibliotheqne 
Universelle," M. Plantamour has communicated to the society an intereating 
momoir rclntive to ohscrvationj? made at G^neT'a, for tliirty-fire yearf, on the 
force and diix^ction of the wind^. He has found that iu winter tln^ number of 
northeast and that of southwest winds balance each other ; the northeast pre- 
dominates in spnng and in autumn, the southwest in summer. The general 
resultant is a little west of north* whichrproeoeds fro^ the fact that the mean 
direction of northeast winds more nearly approximates to north than does the 
mean diroction of southwest winds to Bonth. The above results are somewhat 
modified if the origin of the winds be taken into account and if local are dis- 
tinguished from general winds. The former depend chiefly on the vicinity of 
the lake and the variaftfon of temperature in tiie twmty-four hoars, giving rise 
to a regular breeze morning and evening, analogous to breezes of the land and 
sea. The memoir of M. Plantamour has heen lately published in his extensive 
work on tho climate of Geneva. (See pag-e l^, et sequent.) 

The same savant read to the society a memoir on the diurnal variations of 
the atmospheric pressure, a memoir likewise published in the work just men- 
tioned. After having passed in review and combated as insufficient the theories 
proposed by MM. Ki^l and Dov^ M. Plantamour concludes in favor of lhat 
proposed by M. Lamon, according to which the phenomenon of the diurnal 
variation would depend on two distinct influences, one rppultinc: from the tem- 
perature pro])erly .-o called, the other from a kind of electric attraction, whose 
natmre is as yet completely unknown, but owing probably to the action of the 
sun. M. Plantamour founds his preference for this theory over the preceding 
•on the consideration that it furnishes the means of explaining the double diumid 
^oscillation which Is observed in the barometer, while the influence of the tem- 
perature, it would appear, ou^ht to produce but a single one. The author 
jjresents, in support of his opinion, a comparative table of the diurnal variation 
q£ the temperature and of the bai'ometcr for Genevii and Baint-Bernard. 

To complete our analysis of what relates to terrestrial physics and meteoir- 
ology, I have still to notice two communications, one from Professor de la Rive* 
relative to an aurora borealis observed iu the month of December, in whic^ the 
rotation of the arch from east to west was perfectly evident, and another from 
M.Louis Soret, who has presented to the Society an apparatus constructed 
according to his directions in the workshop of M. Schwerdt, an apparatus de- 
signed for the measurement of heights by a detenmnation of the temperature of 
tlie ebullition of water* In the construction of this instrument, the cnidT object 
of H. Soret has been to attain a perfect precision in thermometrical indications, 
a.COndjtion which has heretofore been wantin;^. He has succeeded, on the one 
hand, b^' surrounding the ball of the thermometer with two cn\ elopes of va|ior 
instead of one, in abating the \ ariations of temperature proceeding from with- 
and* on the other hand, he prevents the efiisot of an ebullition often too 

ft 
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much precipitated, by immersing the bottom of ilic lamp of alcohol, by the flame 
of wlueli the vater is to be made to boll, in a bath of cold water. The sole, yet 
somewhat grave objection which has been advanced against this apparatus, is, 
that in astiU greater degree perhaps than the barometer, it reqnires to be observed 
■o'ith scrupulous caro, jiud dnrannrb precautions which can scarcely 1)0 ex- 
pected on the part oi observers who arc uot phy8ici!*ts. 

If we pass now to jiki/sics properly eo called, we shall see tliau^aa in tho 
pastt it is electricity irhich has played the principal part in the conunnnicationB 
made to the Society daring the year nnder review. Onr colleagnei M. de la 
Rive, lias communicated to us, at two consecutive meetings, the results of his 
researches on the phenomena wliich characterize and accompany the propagation 
of electricity in hif;hly rarefied clastic fluids. In the classification of his ap- 
paratus, M. de la li,ive iugi^ts more particularly on the means which he has em- 
ployed to measoft the intensi^ of the discharges or transmitted cturentSy by 
availing himself of a derived current taken by means of two sraall BOimds o3P 
platina, in the dlt»tnied water placed in tlu; eucuit of the principal current. 
He also describes a manometer which enables him to appreciate to nenrly tbo 
mUeth pait of a millimetre, and, for practiced eyes, even to the hundn dih j)art, 
the tension of die elastic fluid submitted to expeiiment. The researches of 
IL de la Eire hare been directed to atmospheric air, nitrogen, and hydrogen. 
He has stadied, in the case of each of these gases, the influence of the dimen- 
sions and form of tho gaseous mass, as well as of the pressure, on its capacity 
for transmitting electricity. lie has described the successive appearances 
which the electric light assumes, in proportion as the pressure of the gas dimin- 
ishes, and Darticulai-ly the variable form and size of the stratifications of that 
light, togemerwiih the formation of aTiolet-eolorcd photosphere aronnd the ball 
serving as a negative electrode, and of a black space, from five to ten centi- 
metres in length, which separates that photosphere from the stratified luminous 
column. He has satisfied himself, in the course of a great number of ex- 
periments, that these appeai'auces of electric light in rai^efied gases are 
one to a mechanical effect produced by the transmLssioa of electricity, an idea 
which had already been advanced by M. Biess. M. de la Bive has sno* 
ceeded in showing, by direct experiments, that the mechanical effect in ques- 
tion consists in a considerable dilatation of the gaseous matter near the n^ative 
electrode, followed by alternate contractions and dilatations in the column up to 
tho positive electrode. Fu'st He was easily able to verify, by means of tho 
manometer, the existence of the oidllatory movement in the gaaeonfl eolnmn, 
and the variations in its inteDAily, which depends, as he has shown, *on the 
nature, degree of tension, and dimensions of the gaseous mass in question. 
Secondly. He has (lemonstratecl experimentally that if,-by means of grnnfl sounds 
of platina snitaMy arranged, derived currents are taken in difl"erent parts of the 
luminous columu, all traversed by tho same discharge, great differences yfiU. be 
fiinnd in the intensity of these cnirents, differences wluch prove that the ob- 
scure jpart^ossess a greater conducting capacity, and are consequently the most 
dilated. With hydrogen, the best conductor of the gases, no derived cnrrent 
is obtained in the obscure part of the column. Thirdly. M. de la Rive points 
ont that the indications of the thennometer placed in different parts of the 
stratified column conduct us to the same results, by evincine great differences 
between the temperatures of those different parts ; the more obscure parts bdng 
aowiblj less wann than the lominons, which proves that the former are b(;tter 
conductors. The author has obtained a great number of numerical results, in- 
dicating tho differences of temperature, nt different pressures of various portions 
of the gaseous column traversed by flu- ilischarges. 

M. de la Rive completed his commuuication at a subsequent session, by ex- 
plaining to the Society the modificationB produced in the phenomena relative to 
the pfopagflfttonof eleetriflllj, tfunmc^ highly nvefied memuros, by the action of 
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a strong magnetic power. Tliis action tends to augment the resistance of flie 
gaseous substance to the tran-mission of electricitr. by cnnflonFing (lie 2:a?pon3 
mamcntf*, and has in particular the effect of rondering Imirinoiis the obscure 
part of the column, by coatracting the previously too much dilated gas which 
occurs therp. Lastly, the attention of M. de k Rive was especially drawn to 
the rotatoiT and expansive action of magnetism on the dectrie discharge. He 
baa succeeded in obtaining, iu regard to this point, certain very constant facts, 
pvich n« tbf^sc relative to thf dnrntion of tli-^ rotntor}' movement of tire discharge, 
which varies with the direction of the current, the nature of the gas, and its 
desrree of density. He has also remarked the very great difference which the 
phenomenon presents, according as the raxefied gas is dry or contains mor 
of water or of aleoboL In the first case, the luminons discbarge e»ands under 
the influence of magnetism into a sheet which forms the surface of^ a sector, or 
even that of a full circle when the <^d^ U very much rarefirjj. T71 the case in 
which vapor is present iu the rarciied gafj, the discliarge, instead of expanding-, 
divides into a greater or less number of small partial jets at e^ual interspaces, 
ibrming, as it were, a star animated by a movement of rotation around its centre, 
^ose phenomena, and ethers of the same kind, have led M. de la Bive to 
establish a difference between permanent gases and vapors, in reference to the 
point of cohesion, or rather their molecular constitution. The author termi- 
nated the readini^ of hi.s memoir with some r-eneral considerations on thi:^ exten- 
sive subject J announcing that, for the present, conclusions too absolute would 
bo premature, and that ne al»ta!ns from presenting them until he 'shall bare 
completed his researches by extending them to a greater number of gaseous 
substances. 

If we have enlar^^ed a little more. than is nsnal in an analypis of the memoir 
of M. do la Rive, we find a justifiention, not only in the importance of the sub- 
ject, but in the circumstance that the results which he obtained have been here- 
tofinre published only in fraements. The entire memoir is about to appear in 
the seventeenth volume of the Memoirs of the Society, now in the press.* 

It should be added, that we owe to M. de l i Riv 0 the model of a new system 
of Grove's apparatus. The modification which ho has introdnced into the bat- 
tery of that physicift is cpppntially calculated to render its uianagement more 
commodious and prompt, ills instrument, which is extremely manageable, and 
is famished with conductors of alumina, possesses Ihe advantage of requiring 
little manipulation, and of rendering superfluous the removal of the nitrie 
acid; the same aci I ^^uiiices for the service of several days and many experi- 
ment?. With the help of a Fi'np^lc pair of this battory, M. de la Rive has oecn 
able lu repeat all the' princi]);)! <'xperiment^ of the ( lectro-dynamics of Ampere- 
experiments which ueually rei^uae live or six pairs of Grove or of Bunsen. 

Besides some verbal communications by Profbssor Wartmann relative to 
electrical phenomena, partjcnlarly to the limit of pressure which permits a 
spark to pass through a gaseous medium, as well as to the influence which the 
state of tension of a gaseous medium exercises on the passage of a current, the 
savant just named enpngrd the ntteution of the f^oeiety l)y an account of Bome 
of the principal subjects dibcusaed in the laot reuuiou of the British Association 
at Oainbridge, at wnich he was present. Among the communications made on 
that occasion, M. Wartmann cites more particularly the observations of M. 
Na?raith relative to the structure of the sun. To avoid the inconvenience of a 
too great li^ht, M. Nasmith, instead of introdncinj^ the Folar ray*^ directly into 
the eye, places near the object glass a lens wliich is plane 00 the .<ide next the 
eye, but concave on the opposite side, so as to disperse the luminous rays aud 
allow the study of only the quantity of light renected by the plane SurCfUM. 
The author has thus been able to ascertain that towards the hour of noonday 

" A foU translation of this interestiiig memoir is given in this leporti — See page — — ^ 
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thelumiiiouri euvtlupe of the sun presents a great number of epindle-cibapecl 
images, which might be compared to willow leaves strewn confoscdly over ita 
-nnnee. Of these M. Wartmann has presented to the Society a photograph 
t^en from the original designs of M. Nasmith. Tliese images seem to he dis- 
placed Olio by another, somrtimos pnrall< l to tlifir axis, sometimes by an ailgu- 
Lir inovemoiit. The pmcodiug observations ]ia\c been coiilinned by M. Prit- 
chard, wlio annou^ices that they may be rnx ated with a good telescope of from 
three to four Inches. M. Wartmann also gave an account of experiments in 
tekgraphic electrieity by M. Wheatstone, which he witnessed, and hy which 
it is pmeticablo to obtain despatches written with extraordinary rapidity. 

The fame physici.^t cnrnmiuiicated to tlic Rot it fy a r.oto relative to an r-loc- . 
tricai phcnomennn ob?or\ L(l by M. Alizid-, teacher at U' liova, July 24, lb-j6, 
on tke summit of die Uidcnhorn. Of a sutklen the staves borne by M. Alizier 
and the persons wno aceompanied hhn began to sound in the manner of tlte 
poBts of the telegraph. In a few moments a heavy fitorm of hail descended. 

Professor de la Kive> on his return, in May, 1863, from a sojourn in Paris* 
reported to the Society several new scientific facts whieli liv had gatbert d. H« 
drew attention, in particular, to an investigation of M. Tli'lnilioltz, by m )ii( h that 
savant had arrived, simultaneously with M. W. Thompson, at the couciusiou 
ttat the earth eanuot he liquid in its interior. He aleo thinks himself entitled 
to affirm that it is not necessary to recur to the hypothesis of aerolites falline 
ooathinally into tlic .sun, in order to explain the persistence of the high ten^ 
peiature of that body. It sufficoi^ to admit that the sun, having become heated 
'oyan undetermined cause, is now growinii; cold with extreme .^iownei'H ; for, 
according to M. Helmholtz, the calculations heretofore made greatly exag- 
gerated the rapidity of lefrieetation in regard to thai body, because thej 
neglected to take account c? an important element, namely, that the sun 
diminishes in volume as it grows cooler, and that this contraction must de> 
Telop new beat. ^ 

M. dc la H ive presented to the Society, in the name of his son, M. Lucien de 
la liive, a memoir on the number of independent eq^uations in the solution of a 
system of linear currents. This memoir, h^g wholly mathematical, is sot 
adapted to analysis. 

iWesBor Marcct has continued to impart to the Society many facts relative 
to nocturnal radiation ; amon^ others, to an altogether abnormal refrigeration 
of tiio puiface of the ground, and of tlu5 stratum of air in immediate contact 
, with it, which ho has remarked duruig the first days of March in localitiea 
turned towards the north, not only at the hour ^f. sunset, but even during the 
warmest hours of the day. The author attributes this extraordmazy cooling ^ 
of the surface to the concurrence of severnl atmospheric cireumstan^s, but 
more especially to the extreme dryness which had prevailed for some time, and 
which, as Tyndall has proved, peculiarly &dlitates the radiation of terrestrial 
heat.* 

M. Marcet has taken advantage of the residence of his son in Australia, to 
induce him to repeat at Queensland, under the 22d degree of south latitude, 

the experiments on nocturnal radiation, which have been recently made in our 
trmporate climates. It would seem to repiilt from these experiments that the 
pbenonieuon of the increase of temperature at certain periods of the day, when 
we ascend some feet above the surface of the earth— a |>henomenon so well 
authenticated in our temperate climates — ^is not remarked m the regions of the 
torrid sone either at the rising or setting of the sun ; or if it takes place, it is 
in a degree scarcely sensible, hardly ever exceeding 0°.4 Cent. M. Tau icn dc 
la Rive has recently made some observations in Tvj^ypt, on the banks of the 
Kile, which would appear to lead to an analogous result. M. Marcet explains 

** flee jfflCilivtt id* Stkeuiu Physiqms tt SlaUttclles, April, 1863. 
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this apparent anomaly by attribntiiig it to Beveral etmuh but more pactiea- - 
larly to the great quantity of water, under the form of elastic ▼apor, held by 
ihe atmoepheie in tropical regions, espedally in coantijes but little remote ' 
from the fen — ^vnpor -which, it is known, possesses the property of intercepting 
in a high degree the dark heat emitted by the ground, and wliich would 
thus conti'ibutc to reudpr so much less apparent the effects produced by the 
noetmnal radiation. 

Communications on chemitiry proper have this year been less nxtmarom 
than usual. We have scarcely anything to cite bnt some remarkable researches 
of Prnfesisor Slarignac on the tungstates, the iiuo-tungBtates, and the fluo- 
boratt's. 'IMie Fubject, althou'^h of great importance, and treated in a masterly 
manner, is too especial to uUow of my presenting here even a bummaiy aualybis. 
We may, besides, direct the reader for a detailed extract of the memoir to th« 
compter rendus of the Academy of Science.-^, in anticipation of its appearance 
in exlcnso in early numbers of the Annates de Chimie cL de Physiqite. 

Dr. W. Marcet has drawn the attention of the Society to investigation h Tim de 
by him on the digestion of fats, particularly on the mode in which the emul^-ion 
of those substances is eliecLed by meaub of the bile, and probably also of the 
phosphates, which occur abrnkdantly in anunal food. The same chemiat also 
communicates experiments, which he has recently undertaken, on the compo> 
sition of the gastric juice, and on the changes which it ondexgoes aa to uM 
degree of acidity during the act of digestion. 

NATUBAL SCIENCES. 

The natural sciences, and more especially gfoto^ry and palcmfolngy, have 
thiti yonr bad a large share in the labors of the Society. We shouhl miMition, 
in the iir^jt place, several important communications of Professor A. Favre; 
and, first, his geological chart of portions of Savoy, Piedmont, and Switzerland* 
in th( neighborhood of Mont-Blano-— a chart drawn on a scale of i^^ooo* ^'^^ 
which is the result of persevering and conscientious labors pursued since 1840. 
M. Favre has also presented us with the geological chart of the Jura mountains 
pertaining to Raplo — the firi^t puldished at the expense of the confederation, 
under the care aud direction of AI. Miiller. It is designed on a scale of i^ijiy. 
There is reason to fear, however, that the enterprise cannot be continned in 
such wide proportions, and that it will be necessary to retain to the scale of 
Too'ooo' '^^^^ chwct h accompanied by a publication in two seriefr— one for the 
Jura, the other for the Alps. 

M. Favre alf=o read to the Society a memoir contiiining a detailed description 
of the mountain of the Voii'ons, of which he has determined the succession of 
the diflerent strata. This memoir will soon appear in the text which will ac- 
company the chart of Savoy. 

The same geologist read to the Society a critical analysis of MM. Koechlin- 
Schlumberger and Schimper on the transition deposit of the Vosges — a deposit 
referred at present to the old carboniferous series. He also presented, in the 
name of M. Studer, a geological memoir on the Balligstock and the lieatenberg, 
situated on the borders of the Lake of Thonne — a memohr which has been pub- 
lish erl in the Archives of the Physical and Natural Sciences. 

Professor I'ictefc read to the Society a note containing critical observations on 
the subject of a new Ktratnin, wliicli M. Coqnnnd proposes to introduce into the 
series of cretaceous formations — a tstratuni already known under the name of 
** aJpine neocomian,*' and to which he proposes to give that of baremiau'* 
considering it as the equivalent of the yellow stone of l^euchfttel. M. Pfctet, 
without disputing the propriety of a new name, does not admit, between the 
bar( mian and the yellow stone of Neuch&tel, so precise and restricted a paral- 
lelism. • 
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The same Savant called the attention of the Society to an alleged reptile with 
feathers, found in the Jurassic of Soieuhofer, and described by M. Wa^uer 
as possessing at once i&e taSl of a reptile and the feathen and feet of a bird* 
This fossil has been acquired for the Britisli Museum by M. Owen, who will 
soon publish a detailed description of it. 

The Society has continued to keep itself informed of the fact:^ relative to the 
"fossil man." Its iuterest has been particularly excited by the discovery of 
me human jaw-bone of Moidin-Qaignon, near Abbeville. M. Pictet, who took 
oecaaioii very recently to study, at jParis» this bone^ and the hatchets which ac- 
companied it, has set forth to the Society the reasons which seemed to him to 
render the authenticity of those objects incontestable, notwithstanding the doubts 
at first expressed on this subject by eminent paleontologists. More recently we 
have learned with much interest that a sort of scientific congress had been con- 
Toked at Paris, and the authenticity admitted with unanimity. It remains to 
solve the question of antiquity — that is to say, to dedde what place-the deposit 
of Moulin-Quignon should occupy in the series of quaternary and mwsm 
formations. 

-^M. iieu(!vier has communicated to us a ])hotographic view of the Diablcrets, 
geologically colored, and has, at the game time, given to the Society an account 
of some recent geological excursions in the vaudese Alps. He has been enabled 
to complete the series of jurassie fonnations in this district by the discovery, in 
the Diablerets* of a stratum of hajocian, (inferior oolite,) and of a stratum of 
Bathonian, (greater oolite,) the first being characterized by a gigantic fucoid. 
Finally, M. Eenevier aonoonces grains of "chaia" in the uummulitic of the 
Diablcrets. 

We azrive now at organic natural history, and it remains to speak' of botany 
and zoology. 

J?o^y.— Professor De Oandolle has presented to the Society several in- 
teresting communicirtions relative to vegetable physiology and to botany proper ; 
particularly a paper on a new character observed in the fruit of oaks, and on 
the best division to adopt for the genus " Quercus a memoir entitled Studlet 
on species, oceoiumed by a reoititm of the family of Cupulifcr<Bf in which the 
author discusses llie system of Darwin* and the theory, applied to the vegetable 
kingdom, of a succession of forms proceeding from the deviations of an anterior 
foiTD. Both these memoirs having been published in the archives of the physical 
and natural sciences of the Bibliothcque U/i ihcr.se/le we shall here coutent 
our:ielves with indicating them to savants who are interested in questions of 
this kind. 

Besides the original memoirs just cited, M. de CandoUe brought to the notice 

of the Society some interesting results of observations made by M. Schubler 
" on plants cultivated in Norway." The author has sho^vn us in what degree 
the deficiency of heat, in northern regions, appears to be compensated by the 
prolonged action of the light due to the length of the days; to such an extent 
that, in proporiion as we Mvance towards we north, the coloration and sapidity 
of plants seem to increase rather than diminish in intensity. 

M. de Oandolle has also drawn attention to two memoirs of Dr. Hooker. The 
first relates to a plant discovered on the African continent, opposite Fenumdo-Po, 
to which he has given the name of JVe/ieifsckia, This plant, whose trunk is a 
cone of little height, surmounted by a torous { bosseUJ table attaining a diameter 
sf six feet, presents the singular character of having but two leaves, which are 
iadeciduotis cotyledons. It is tiie only vegetable known whose cotyledons are 
not caducous. The second memoir of M. Hooker relates to the celebrated 
group of cedars of Lebanon, which is found to bf> f stablished on the moraine 
' of an ancient glacier, and which this botanist vi^itt-d in 1860. M. Uooker is 
iucliued to think that, in the present circumstances of climate, this tree could, . 
With difficulty, estabUsh itself Cm de mountain where it is found, and pronounoes 
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th^ opiniojDi that the old cedars which now esaat there are hot the remains of 
an ancient for(^t, dating from an epoch more'&Torablc to the development oi 
the spocicB. It is ccrtaiu, iu the mean time, that the cedar of Lebanon, that of 
the Himalaya, and that of the Atlas present varietk.-^ wliich it is difficult to 
di.stiiiguisli from one another, llcucc Isl. Hooker is ui.^po.sed to admit that 
they all deticend from one primitive form, which hati spread itself over a vaot 
reffion when the climate wae more temperate than it is at present. 

To Bev. M. Dnhy wd are indebted ibr a note relative to ohgervations made 
at Bombay, on a champignon or fnngus which attacks the feet of the natives, 
and produces a malady known in the country under the name of '•' podelcoma 
mycetoma." The bones of the foot and lower leg are giadually perforated 
through and through, and the champiguon, which beajrs spores very similar to 
those of the otdinm, lodges in the cavities thus formed, under the shape of a 
snongy mass. ^I. Duby has also ooenpied our attention with the very ingenious 
observations of M. Darwin on " the mode of fecundation of the red flax." The 
same botanist also announces that he has observed in tlio CaWfifacIrj/s linearis 
a very remarkable movement of the inferior leaves which, at the decline of day 
embrace the stem, while the superior leaves embrace the ear. 

ZoSiogy and Pkynoloi^y. — Dr. Dor called the attention of the Society to a 
new theory of Daltonism, or rather to an old thcoiy of Toon^, to which there 
Fccms to be a tendency to recur at the present time. Agreeably to this theory 
there exist in the retina three descriptions of nervous fibres ; the first sensitive 
to red, the second to green, the third to violet. Daltouiiits, then, would bo 
those in whom one of these orders of fib^-es is completely paralyzed. M. Dor 
has also proposed a new scale of characters for measnring the distinctness of 
vision. 

M. Victor Fntio presented to the Society a specimen of a lizard of the Alps 
called " Lacerta nigra," regarded by some anthors as constituting a particular 
species. M. Fatio is rather disposed to consider it as being but a simple variety 
of the "Lacerta vivipara," and he adduces the reasons which lead him to hold 
this opinion. ' * 

The same physiologist read to the Socie^ a note on the habits of the " pl^o- 
batc cultripede," of the coasts of Brittany. He has ascertained that this batra- 
chian is a noctmTial animal, which buries itself during the day in the sand, and 
remains there till night in a state of complete immobility. M. Fatio baa also 
communicated to us a plan of geographical distribution, designed to form the 
basis of an extensive work, wbich he lias undertaken with the view of making 
a complete catalogue of the ^'ert€brata of Switzerland. 

To complete what ^^'(• have to say on organic natural history, we sliould 
mention an interesting notice by M. Muller, relative to the recent modifications 
which the theory of cellular oiganization has undergone through the influence 
ti the lahoxB of UM . Briicke and Max. Schultze ; and a communication ot IL 
Claparede, in which that physiologist renders an account of some epidemic 
instances of " tridiinus spiralis " lately authenticated in Q«rmaay» ana more 
especially in Saxony. It is now known that the lai'va of this parasite continues 
to live iu the Hesh of the hog when insufficiently smoked. Now, a single pair 
of these animalcules, arriving at matuiity ,in the human intestine, suffice to 
infect with larvae all the musdes of the bocly, and to occasion the gravest con- 
sequences, sometimes even death* The danger of such an infection is now so 
fully realiised that the inhabitants of Planen, ill Saxony, liavc established at 
their planghter-honse an official, provided with a microscope, and have prohibited 
the sale of hogs whose tiedh has not been previously examined with the help oi 
that instrument.* 



* For an appendix to this part of tUieport see tlweiid of this article^ 
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Dr. Gosse h»B eommnnicated to the Society a note of M. Campbell relfitiye ■ 

to tLc frequency of goitre, in the fli^tricts near the foot of the Himalaya — a 
malady with which aldo goats and ghecp are IVequently infected wlien tliey de- 
scend from the mountain. Lastly, Dr. Lombard has road to uii a. detailed 
eztnet (^observatioiiB published by M. Jordaonet, a French physieiaD, on ibe 
cUniAte of Mexico* considered in a medical point of vie 



Ilaviug thus prebeuted a ciu-fioiy review of our proceedinga during the past 
yeai', my task wifortmiatelT Is anil incomplete ; for» notwithstanding the le- 
Bt] icted number of our membew, scarcely a year passes in which your presiding 
officer, in bis annual report, is not called on to deplore the loss »f one or more 
of them. This year has removed two from among us : one of them, i\L Le 
Rover, a retired member, of advanced age; the other, Kxieune Melly, a 
mciuber in ordinary, who^e yeariS authorized U6 lo hope that we might long re- 
tain him. I must not close this report without brieily recalling the titles they 
possessed to the esteem of the learned world and the affection of uieur colleagues. 

Etienne Melly, bom at Geneva, in 1807, early evinced a decided taste for the * 
physical geiences. After isncccc^sfiilly pursuing the course of our Academy, he 
went to Vai'iA to complete hi.s scienlitic t<tudie8, and on his return to his coxmtry 
was attached to the ludubtiial school of this city as a teacher of physics and 
chemiBtiy» the study of which he may be said to have created in the establish- 
ment in question, and from the snperintendence of which be never desisted 
until the infirm state of hin health made it impossible for him to give to his 
duties the care and attention which his gcrapulous conscience exacted. While 
thuri employed he prosecuted divers physico-chemical reseai'ches of great interest, 
only a part of which, owing to his characteristic diffidence, have been commu- 
nicated to the public. His two principal puhlieations uppearedf the fixst, in 
1839t in the Bibliotlicque Universelle, the second, in 1841, in the first volume 
of the Arc/ilrca dc V Elcctrlcite. The former treats of certain fellcitouB attempts 
which he had made to apply platina to other metals by means of pressure so as 
to obtain a very solid plate, and be thus able to substitute, in certain chemical 
processes, for utensils of platina, utensils of platinized copper. This mode of 
platinising offers greater assurance than tiiat by electricity; in that it better - 
resists the action of chemical sgoits. 

The second publication of M. Melly, and that of most importance, embraces 
two distinct parts: the lir.st, ndating to a more economical construction of the 
battery ot Grove, then just invented, and to the study of the chemical effects of 
electricity by means of that apparatus. The second part has for its object the 
study of the chemical effects of the electric spark* whether produced by GroTe's 
hattozy or by currents of induction. M JSCelly sets forth in hk mem<»z .the 
numerous experiments by Avhich he had succeeded iu decomposing, by means 
of that spark, not only c^istiiled water, but the most isolating substances, such 
as oils, ethers, alcohol, &c. Ho establishes, by a well-sustained analysis of the 
results he haid obtained, the difference which exists between this mode of de- 
composition and eleetro-cbemical decomposition properly so called* and he shows 
that it is an effect, not of electricity itsdlt but A the intense heat developed bj 
the electric spark. 

We know that this decomposhig power of heat, carried to a high degree, has 
been since demonstrated in a diicct manner upon water, without the intsrven- 
tion of electricity, by M. Grove, and has been extended upon » wide scale to * 
multitude of substances by M. DeviUe, who has called it, "the dissociation of 
bodies by heat." Still, th^ will remain to M. Melly the honor of having first, 
by his ingenious experiments, called the attention of the learned world to this 
important subject. Independently of what he has made known by his pabli- 
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cations, Mellj, who know no remission of labor, often obtained interesting 
repnlts which he kept to himfielf, or coiniuunicated l)ut to a few of his friends. 
The distressing state of his health ha\ ixig compelled hiiu, mimy years since, to 
abandon hiB laooiatoiyy he did not give way to discouragement, bat continoed 
to devote himself with the same ardor to the microscopic investigations wfaidb 
constituted the scientific interest of his latter days. Of these he has left baft 
few written notices ; their results are contained in his colli etiona, ofpecially in 
that of the I)iatomea\ of which he lias loft more than fifty L^jxi contniniug as 
well the Diatomeai of the enviroms of Geneva, as those of foreign iaudrf and those 
of types deteimined hj known anthors. A» to the microfioopes of which he 
aTaued himself, it may be affii-med that never have the AlgiB of our conntry 
been studied with the help of instruments so perfect. Melly, besides, brought 
an extreme cnrefulness to the preparation of microscopic objects ; wc may judge 
of it by the lulluwing fact reported by ProfetsBor ^I'linry in the interesting notice 
which he read of his friend : The collection of Diatomeai was twice resumed 
entirely anew hy Melly, beeanse the distilled water and alcohol which he had 
employed wete found to be not absolutely pure. 

(.)f a conversation as frank as amiahle, Melly had, moreover, that devotedness 
for other.s, whose character h the most complete self-abnegation. Happy in the 
success and welfare of his friends, every feeling of envy and jealousy was so 
alien from his nature, that he would not even admit the existence of these evil 
aendments in another. Haying suffered in his dearest affections by the loss 
a beloved consort, he remained thenceforward complete^ isolatea. But thn 
isolation, far from rendering him egoit^tic, liad t^till more enlarged his heart. 
His gratitude, for the cares and attentions of which lie was the ol)ject on the 
part of his friends was as touching as amiable. The religious sentiments which 
sustained him in the midst of trials so various and afflicting were always 
united in him with a perfect tolerance in regard to tbose 'who did not share bis 
opinions. It was the fruit of an elevated and disinterested nature, such as is 
rarely witnessed. lie sank, February 4, 1S63, after long and acute sufferings. 

Auguste Le Roycr sprung from an honorable family, and \^ose ancestors 
had been pharmaceutists from father to sou ; was bom at Geneva, in 1793. After 
pursuing his earlier studies in his native city, he went in 1811 to Strasburg, 
where he passed eighteen months of prepai-ation in studying phaimacy, his 
foture vocation. In 1S13 he returned to Geneva, took an active part in the 

{wlitical events of tlic time, and in 1817 was admitted a ])hamiacentist after an 
lonorable examination. Thenceforward Le Royer zeaknisly occupied himself 
in scientilic labors related to his profession. It was in lbl8 that the illustrious 
Dumas, then ten yeai-s of age, entered himself as a dlerk with Le Iloyer, and 
subsequently became his principal assistant. Besides these friendly connexions 
with Dumas, Le Royer contracted Others with Dr. Prevost, taking part in many 
of the physioh)gical researches of the latter in their chemical bearing. In 1821 
he was adopted as a member of this Society and of the Helvetic Society of 
natural sciences. The departure of M. Dumas for Paris, in 1823, compelled 
lie Boyer to occupy hims^ almost ezdusivelv with pharmacy, and I know not 
that he has pnblisned anything since 1824. Neverthdess, he preserved a taste 
for study, and always encouraged the scientific labors of those who approached 
him. Like Etiennc Melly, with whom he had more than one trait of conformity, 
an extreme modesty pushed almost to timidity, joined to delicate health, pre- 
vented Le Rover from making that mark in science to which he might have 
pretended. The fallowing is a list of the articles which he published joiiitiy 
with Dr. Prevost : 

1. Note on the free acid contained in the stomach of the herhivorfi, (Memoim 
qf^lie Society of Physics and Natural History, vol. Ill, 2d part,) 

2. A memoir on digestion in the ruminants, ( BibliotJi^cgua UmveneUa Jbr 
XS2i, vol, XX VILJ 
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3. Obsenmtioiis on the contents of the d^ostbe canal in the foetuB of the 
vertebrates, f Biblioiheque Vnivenefle, vol. XX IX. J 

Jjaatljr, he published alone in the Bibliotkeque Umvcrselle, vol. XXVI, a 
memoir on the active principle coiit;iincd in tLe *'])iirpi(' digifali.-f," 

Having become .'i vakludiiiarian in 1850, in cuuiietjuf lu-f of rlicumatic ufTec- 
tioii!«, Le lloyer was atruck, iu ibOU, with cerebral ajjopi» xy, wLich kept him 
liveted to his chair till the moment of his death, a few weeks since, without any 
notable abatement of his intelleetoal fbcnltieB. 



AITENDIX ON THE TEICIIIXIASIS. 

Wc annex the follo^ving additional information In respect to TrichiniasiSy 
mentioned iu the preceding articl<»: 

A few months ago there wub a iestire celebration iu iiettstadt, a small coun- 
try town near the Harts Mountains, in Germany. Upwards of a htmdred per- 
sons set down to an excellent dinner, and having ei^oyed themselves 'mora 
majoruTTh separated, and went to their homes. 

Of these one hundred and three persons, mo«tly men in the prime of life, 
eighty-three are now in their grravcs ; the majmit^^ of the twenty survivorr^ lin- 

Sr with a fearful malady \ and a few ouly walk appju'ently unscathed amon^ 
» living, but in hourly fear of an outbreak of the diaease which has carried 
awajr snch nnmbere of their fellow-diners. 

TTiey had all eaten of a poison at that festive board, the virulence of which 
far surpasses the reported effects of arp/a topJiana, or of the more tangible 
agents described in toxicological text-booka. It was not a poison dug out of 
the earth, extracted fuom plants, or prepared in the laboratory of the chemist. 
It was not a poison administered by design or negligence. But it was a poison 
unknown to all concerned; and was eaten with tilie meat hi which it was con- 
tained, and of which it formed a living constituent. 

When the f^ftival at Hettstadt had been finally determined upon, and tliu 
dinner had been ordered at the hotel, the keeper of the tavern arrauged hid bill 
of fare. The introduction of the thhd course, it was settled, should consist, as 
asaal in those parts of the conn try, of RotiewttrH mnd Chm&se, The i2of<^ 
• wurst was, therefore, ordered at the butcher's the necessary number of days 
beforehand, in order to allow of it.^ beiny^ properly smoked. The butcher, ou 
his part, went cxpre^^<ly to a nei^li])(iring proprietor, and bought one of two 
pigs from the steward, who had been commissioned with the transaction by his 
master. It appears, however, that the steward, imfortunatcly, sold tlie pig 
whkh the master had not intended to sell, as he did not deem it snffidently fat 
or well-conditioned. Thus the wrong pig was sold, carried on a barrow to the 
butcher, killed and worked up into sausa'n^ef'. 'J'he sausages were duly smoked * 
and delivered at the hotel. There they were iiied and served to the guests at 
the dinner table. 

On the day after the festival, several persons who had participated m the 
dinner were attacked with irritation of the intestines, loss of appetite, great 
proetration and-fever. The number of persons attacked mpidly increased ; and 
great alarm v. as excited in tin? first inf'tance by the a}jpreheni*ion of an impend- 
ing e])i(lei]ii( of typhus fever or continued fever, with which the !<yniptc)ms ob- 
served bhow( d gi'cat similarity, lint when, in some of the cases treated by the 
same phvsidan, the ftatnres of tiie' fflness began to indicate at first, acute peri- 
tonitis, then pneumonia of a circumscribed character, next paralysis of the inter- 
costal muscles and the muscles in front of the neck, the hypothesis of septie 
fever, though sustained in other cases, had to be abandoned with re?pect to these 
particular cases, dome unknown poisou was now assumed to be at the bottom 
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of tlie outbreak ; and an actire inquiiy Into all tlie drcumstanoes of fhe dinner 

waB instituted. Evciy artido of food and material was Buljected to a moat 
rigid examination, without any result in tLo first instance. But wLcn tlio Fvmp- 
toiis in Bomo of the ca?es invaded the mur^clcB of the leg, particularly tlie calves 
of some of the sufieierri, the description which Zenker had given of a fatal case 
of trichiuous disease was remembered. The remnants of sausage, and of pork 
employed in its madofketara, were «xamhied with the microBcope, and fdond 
to Be iiterally swarming with cncapsnled trichinae. From the sufferin<]^ muscles 
of several of the victims small pieces were excised, and under rlir •r')Scopo 
found charp^ed with embryonic trichina; in all stages of development. It, could 
not be doubted any longer, that as many of the one hundred and three as had 
had partaken of Rostewurst had been infested with trichinous di8(*pe by eating 
oiP trichinous pork, the paiasites of which liad, at least in part* escaped the 
effects of smoking and £^ring. 

This a^^ ful catastrophe awnkencd sympathy and fear throughout the wholo 
of G( ruiany. Most of the leading physicians were consulted in the interest of 
the buffcrcrn, and some visited the neighborhood where most of the afflicted 
patients rem^ed. But none could bring relief or cure. With an obstinacy 
onsuipassed by any other infectious or parasitie disease, trichiniasis carried its 
▼ictims to the grave. Many anthelmintics were arrayed to destroy, if not the 
TToi-ms already in the flesh, at least those yet remaining in the intestinal cauinl. 
Picric acid was employed until its use seemed as dangerous as the disease; 
benzole, which had promised well in experiments upon animals, was tried, but 
was imavailing. Ab patient after patient died ofif, and the dissection of each 
proved the parasites to have been quite muiffected by the agents employed^ the 
conviction was impressed upon every mind that a man afflicted with flesh-wona 
is doomed to die the slow death of exhaustion from nervous irritation, feiEer» and 
loss of muscular power in parts of the system essential to existence. 

But medical science had only just unravelled a mystery ; and if it could not 
eavc the yictims, it was determined at least to turn the occasion to the next 
best account. The cases were therefore observed with care tnd ehronided 
with skill. All the multifarious features of the parasitic disease were registered 
in such a manner that there can hereafter bo no difficulty in the diagnosis of 
this disorder. A valuable diagnostic feature was repeatedly observed, namely, 
the apj^earance of the flesh-worm under the thin mucous membrane on the . 
lower side of the .tongue. The natural history of trichina in man was found to 
be the same as that in.animals. 

All obsenrations led to the conviction that the trichina encapsuled in- the 
flesh is in the condition of puberty. Brought into the stomach, the calearroua 
capsule is digested with the lleBh, and the trichina is set free. It probably 
feeds upon the walk of the intestines themaelves* for the irritation of the iutes- 
, tines begins before the bringing forth or 70ung trichinn has ti^en place. 
Copulation is immediately effected ; and within a row hours, or a short portion 
<^ daySy from sixty to eighty live embryos .leave the feniale» and begin thdt 
own career of destruction. 

This consists, in the first instance, in an attempt to pierce the walls of the 
intestuial canal. Great iuflanmiation of the entire 'sur^e ensues, ending not 
rarely in death of the villous or mucous membxane, or in the fbnnation of masses 
(tf pus on its surfbce. Sometimes there are bloody stools. But these severB 
symptoms only ensue when much trichinous meat has been eaten ; when less 
has been consumed, pain and uneasiness in the abdomen are producofl, accom- 
panied, however, in all instances by wasting fever and proetratitm. Tl.e 
embryos actually pierce the intestines, and are found free in the ^ffusiou, 
somethnes serons, sometimes purulent, which is always poured out into the 
abdominal cavity. Thence they again proceed towards the periphery of the 
hodj» pierce the peritonenm> causing great irritation, and s<nnetimes peritonitist 
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to ihe extent of gluing the intestmes together to a coherent m-M^A. They meEt 

proceed to tlie muscles nearest to tlic abdomen ; arrived at the elementary 
muscular fibres, ^^llicll, under the microscope, appear as long cyliuflcrrs with 
many transvcrBC cjtriae, they pierce the iii* lubraucB, enter the fibres, eat and 
deatroy their striated contcuta, consnme a great part of the granular detritus, 
moving up and down in the fibres imtil grown to the else necessary for passing 
into the quiescent State^ They then roll np in spiral or other irregular windings, 
the ha^s of the mnfcular fibres collapse, and only where the trichina- lie a eal- 
careous matter is deposited, perhaps by the trichinae themselves, wliicli hardens 
into perfect capsules round the paradites. A muscular fibre may harbor one or 
aereral parasitea ; but every fibre invaded by a single parasite loses its character 
entiiely» and becomes a bag of detritus from one end to the other. 

If it be remembered that one ounce of meat filled with triehinas may form the 
stock from which in a few days three millions of worms may l»e bred, and that 
these worms will destroy in the course of a few weeks not less than two millions 
of striated muscular fibres, an idea of the extent of destr^iction produced by 
these parasites can be formed. We are not in a position to say to what propor- 
tion of the fifty or sixty ponnds of mnsele required for the performances of the 
hnman body these two millions of elementary fibres actually amount. In the 
mosclef^ nearcf?t to tlie abdomen the de.^truction is sometimes so complete that 
not a fibre free fi-om parapite« can be ibund. This amounts to complete 
^xnlysis. But death is not always produced by the paralysis ^ it is mostly 
ms result of paralysis, peritonitis, and irritative fever combined. No case is 
known in which triehlnusis, after havine deckred itself* became arrested. All 

Sersons affected have either died, or are In such a stato of prostration that their 
eath is very ])robable. 

Most educated people in Grermany have, in consequence of the llt-ttstadt 
tragedy, adopted the law of Moses, and avoid pork in any form. To some of 
fhe lai^ pig-breeders in Westphalia, who keep as many as two thousand pigs, 
the falling of the price of poxknas been a ruittous— at the least a serious— -loss. 
In the dining-mMMDBB of the hotels in the neighborhood of Hettstiidt notices are 
hnnp: up annonrtcinj:^ tbat pork will not be served in any form in these estab- 
lishments. To ccamteract tliis panic, the farmers' club of the Hettstadt district 
^ve a dinner, at which no other meat but pork was eaten. But it has had no 
i^pieeiable effee|. The raw ham and sausages of Germany are doomed to 
•SK^etion; the smoked and fHed sausages must necessarily be avoided. * * 

In the sooth of Germany some people now say that it is the Hungarian pige 
which are most frequently aif('eted with trichina). Tliif rumor, like the famous 
pork dinner of tlie farmer.-*' club, may, however, have been setup with tlie inten- 
tion of quieting apprehension about the native pigs. We have already mentioned 
the accident which befell the crew of a merchant Tessel. They shipped a pig 
at Valparaiso, and killed it a few days befbre their arrival at Hamburg. Most 
of the sailors ato of the pork in one form or another. Several were affected 
with trichina} and died. Of those wliose fate could be inquired into, only one 
?eem3 to have escaped the jjarasites. Another outbreak in Saxony lias earned 
away twelve persons. A fourth wholesale poisoning by trichinaj is just reported 
fiten Offenbach, the Birmingham of Hesse-Darmstadt. Of upwards of twen^ 
pSESons infected, three had already died when our correspondent's letter left. 
Knmerons spoiudic eases of fever, and ^idemita of inscrutable peculiarity, but 
referred to an anomalous type of fever, are now claimed by medical .inrliors, 
and with much show of reason, to have been outbreaks of trichiniasis, or liesh- 
worm di3ea«»e. Several German physicians experimentalized with a view of 
fin^g a cure for this terrible disorder. Professor Eckhardt at Giessen, we 
sie told, has obtained permission to try the disease and supposed remedies 
upon a murderer under sentence of death. We have not been told whether his 
reward in case of success is to be a commutation of his capital sentence, but 
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should hope this to be the case. The experiment, even if it should not have 
the romantic character indicated, will probably teach some curious tlctriils of the 
life of these parasites. Almost everywhere the commoneBt rnlcs of cle;mlinei?3 
* are disregarded in the reading of pigs. Yet pigs are uaturally clean auimalri, 
avoiding, like dogs and cato, all contact with oranie. Though they bnrrow in 
the earth, and in sommer wallow in the mud, thej abhor the heaps of cxcra* 
ments mixed with straw in and upon which they are frequently kept. A due 
regard to cleanliness will prevent trichinrc in the pig. In wild hoars, of wliicli 
many are eaten in the coiihtiy round tlie Ilartz mountains, trichina has never 
been found. Neither has it been met with in sheep, oxen, or horses. Beef is 
^e iafest of all descriptions of meat» as no parasites have evW been discoTered 
in it. They have also nevttr been found in the blood, brain, or heart of those 
animals in whose striated muscles they love to renifle. — BntlsJi Mcd'walJoumal. 

[Lately, the common ^onnd-worm \va^ W^o^a found to be inlefited b y triehiniiQr 
one of the probable sources of the infection of swine.] 

The interest excited by cw^^a has indnrr-rl a more careful investigation 
into the consequences resulting from the imprudent use of hog's flesh, and fatal 
cases have been recently reported in thi* country. It had, indeed, been long 
known among men of science that the trichina was occasionally foond incysted 
In the nuiBcleB of man \xi &e United States as well as in other conntnes, but no 
case of death lesnlting from die presence of the worms is known to have been 
observed till recently. In February, 1864, "an instance of the poisoning of 
a whole family and the death of one member caused by eating ham*' infested 
with the trichina was observed by Dr. ScLuetter in the city of New York.* 
Dr. L. Elrombein has since recorded some eases of a fatal nature noticed by 
bim in*tbe western part of the State. Having been eunuDoned to attend a man 
and hia wife resident in Uie vilhige of Chccktonaga* he found them afflicted 
apparently with ** acute mnscuLir rheumatism of a somewhat peculiar charac- 
ter," and was sustained in his opinion by the concurrent; belief of an associate, 
Dr. Dingier. He subsequently surmised that the symptoms might indicate 
tricbiniasis; and ihenatients baving soon afterwarda died» a mienMiobj^oal 
examination by Dr. Krombem, assisted by Dr. Homb6Eger» demonstrated the 
presence of "trichinse both in the incysted and free state.'* " The spe(^ea 
of human muscle taken from one of these cases after death, aijd also the sau- 
sages eaten of, were examined by Dr. J. R, Lotlirop and Professor George 
Hadley under the microscope, and the trichina found in both in great numbers. 
In tibe BuiBcle the parasite w6b ficee« in iStA sausage incysted." t Other members 
of the famOy, attacked by the same parasite^ weare only leas mihappy in eseaping 
a fatal end. 

[The foregoing aceoonts, though they indicate an alarming cause of disease^ 
point out a ready means by which the evil may be averted, particularly in the 
great pork marts of this country, namely, inspection by the microscope. It 
will probably be found that the disease is exceedingly rare, but the assur- 
ance which the inspeetion would give of this £wt wow oe of voflicient import- 
ance to warrant its adoption^"-J. H.] 



* American Medical Times, February 20, 1864. 
t Buffiklo Medical and Soi^ieftl Joozaal, Jane, 1861. 
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EXPEBIMENTAL AKD TQEOBETICAL BESEAIlCHJiiS 

OM 

' THE FIGURES OF EQUILIBEIUM OF A LIQUID MASS 

WITHDSA.W FBOU TBB ACnON OF CffiATITr, Ae. 



BY J« PLATBAU, PBOFESSOB AT TQE UNIVERSITY OF OHENT, ETC 



JJITBODUCTION BY THE 8ECBBTABY OF THE BMlTUfiOiyilAN INSTITUTION. 

[The interesting investi^atkme of wbicb we commence in IshoB artide to giYO 
an account consist of a senes of parts originally pnbliBliecl in the TranBactions 

of the Brussels Academy. A translation of tlicj first three parts vras pulilisliccl 
in Taylor's iScicntific Memoira ; the remainder has been translated for thi.-i 
Institution, and the whole will be published in this and the next volume of the 
Smithsonian Annual Reports. The author has devised an ingenious method 
hy wliich a.liqiiid may be withdrawn, as it were, from the infloence of grarity, 
and left free to assnme the figure or external form which is produced by tho 
interaction of its own molecules. The experiments dcBcribed in the first and 
second parts of ilio series have excited much interest, and have frequently been 
presented in popular lectures as precise Ulustratious of tho mode of formation 
of Satom's ring, and almost conclusive proofs of the truth of the hypothesis 
of La Place as the genesis of the solar system. 

It should, however, be observed that the force in operaticm in the phenomena 
of the heavenly bodies anrl that in the experiments of 'our author arc very dif- 
ferent, and can only give rise to accidental fiimilarities, and not to identical 
results. Gravity, which is operative in the first case, is tho most feeble of all 
known attractions, while its sphere of action is indefinitely great On the 
other hand, molecnlar attraction, wliich is opetattve in the second case, is 
exoeedinj^y energetic while its sphere of action only extends to the nearest 
contij^nous particles, and become« imperceptible at sensible distances. The 
great power f xliibited by the earth on boavy bodies, near its surface, arises 
ttom tne combined effect of an immense number of attracting atoms. We know 
that the attraction of the whole earth gives to a body near its snxface a Telocity 
of 32 feet in a second, and by comparing the mniflOB and distanoes from the 
centre of tho earth, and a globe of the same denmly and a foot in diameter, we 
can easily calculate the velocity the latter would give a small body near its sm-fiice. 
Tlie velocity thus determined is less than that of an inch in a year. From 
tliis result we may infer that small liquid masses, possessed of a slight degree 
of Ticidity, would never assnme the fbrm of a globnle under the mere force of 
gravitation. On Ae other hand, the great power of molecnlar attraction is 
shown by the energy with wliich water is dnwn into wood and other porous 
Bttbstances. 
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But tlie (llffcrenco of the two forces is still more gtrikingly. exhibited by the 
difi'ereucc of llicir spliered of attraction. In tlie case of gravitation every atom, 
for example, of the earth ^attracts every other atom of the whole mass, each 
conspiring with idl tbs othon to prodate the spherical foim. While under, the 
uiflaence of molecular attraction the atoms of a liquid glohnle only acto mpoa 
the other atoms which are immediately around them; and hence the atoms in 
the interior of a globule are, as it vrcm, in a neutral condition, attracted equally 
in every direction. The only atoms, therefore, which are active in producing 
the globular forms and iu giving rise to the phenomena described in this 
memoir, are those at the surface of the liquid, since these are only attracted oa 
one side, and are, therefore, free to exert their energy towards the mass, and 
their tendency to bring this into the smallest compass, namely, that of a sphere. 
According to this view a globule of water may be considered an assemblaj^e of 
atom?*, without attraction, compressed into the spherical form by a contractile 
iilm, withhi which the atoms are enclosed. The amount of contractile force 
of such a film will depend on the energy of the attraction between the conr 
tiguous aton]^^ and the degrees of curvature. To illustrate this, let us suppooe 
a slip of India-rubber to he stretched horizontally between two supports. If to 
the midflle of this we attach a small weight, tlie slip will sag downwards, and 
the point to which the weight is attached will descend until there is an equi- 
libtium between the weight and the contractile force. If an additional weight 
he attached, the descent will he increased untQ- a new equilibrium is attained, 
and so on, the contractile force will increase with the degree of bending. A 
similar force is exerteil at the free surface of all liquids. If this surface is hori- 
zontal, the attraction will be equal in every direction in the horizontal plane; 
but if at any point we press the surface so as to bend it out of this plane, the 
contractile force will be called forth, tending to bring the point back into its 
former position. It is this surface contractile foroe which causes a small ^ghule 
of water or mercury, when flattened, to spring back into the sphericu forin 
when the cnmpressin<2; force is removed. The morn the gloluih- is compres^jed, 
or tlie greater the curvature at the circumference, the greater will be the resist- 
ance. Hence, also, the smaller the bubble the gieater will be the contractile 
power of its surfaces, and the more energetically will it assume the spherical 
rorm. This is converse of the action or gravity, the tendency of wliich to 
produce the gloljular form will be the greater in proportion to the greater sisOp 
and consequently leFP curvature of tlio surface. 

These remarks v. ill enable the reader to compreliend more definitely the 
nature of the phenomena exhibited iu the following paper. 

J. H.] 



« 

1. Liquids, being gifted with an extreme molecular mobility, yield with 
facility to the action offerees which tend to modify their exterior form. But 
amongst these forces there is one which predommates so much over the rest 
that it almost eutii'ely masks their action. This force is gravity ; this it is 
which causes liquids to assume the form of vessels whieh contain them ; and it 
is this, also, which makes smooth and horiaoutal the portion of their surface 
which renrnins free. We can scarcely rccoj::^ni/c, ahmg the contour of this free 
surface, a slight curve which reveals the action of the combined Ibrces of the 
attraction of the liquid for itself, and of its adherence for the solid matter of the 
vessel. It is only uy observmg very small liquid masses, upon which the rela- 
tive action of gravity is thus weakened, that we can see the iufiuence of other 
forces upon the figure of tliese ma.- ses manifested in a very forcible manner. 
Thus the small drops of liquid, placed upon suf&ees which tbey eaanot moisteot 
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assume a epberical form more or lesa perfect. Leaving these minute quantities, 
if we wisli to observe liquid maeses which bavo freelv token a certain form, wd 
mast quit the earth, or rAther consider the terrcstriu globe itself and the othor 

planets as having been primitively fluid, and Iiaving adapted their exterior form 
to the comhiiK'd action of gravitation and contrrfn^nl force. ory t!)cn indi- 

cates that thc-^c inaj^ses ought to tako tlic form tif Bpheroids inori:' or ilattcned 
in the direetiou of their axis of rotaiiun, and observation contirms these deduc- 
ttQQB of theory. Observation shows us, also, around Saturn, a body of annular 
fom, and theory finds, in the combined actions of gravity and centrifugal force, 
means of satisffing the equilibrium of that singular form. 

If, howevor, we could, by somo Tncjiufj, withdraw from the action of gravity 
one of the iiijuid masses upon wliicii we have to operate, at the same time 
leaving it free to be acted upou by oilier forces which miglit teud to modify its 
form, and if our process allowed of giving to this mass sufficiently large dlmen- 
akms, would it not be very curious to sec it take a determinate figure, and to 
see this flgure vary in a thousand ways with the forces on which it depends? 
Now I have succeeded, by nn extremely simple means, in submitting to the 
above couditions a considerable liquid mass. 

2. Fat oils are, it is known, less dense than water, and more dense than alco- 
hol. Accordingly, we may make a mixture of water and alcohol having a den- 
mty precisely equal to that of a given oil— of olive oil, for example. Now, if 
any quantity of olive oil is introduced into the mixture thus formed, it is evident 
thnt the action of gravity upon this ma«s of nil will be complotely aimiliilnted ; for, 
in virtue of tlie equality of donpity, t lic oil will only hold the plactj of an equal 
mass of the ambient liquid. Un the other baud, the fat oils do not mix with a 
liqnor composed of alcohol and water. The mass of oil must therefore remain sus- 
pended ana isolated in. the midst of the surrounding liquid, and it will be per- * 
i'ec^y hee to take the exterior form which the forces that may act upon it wiU 

give to it. 

This h( in<:; >^n)»poficd, if the molecular attractions of the oil for itself, tlioso of 
the alcoholic mixture for itself, and those of this mixture for the oil were idcuti- 
csl, liiere would be no reason that the mass of oil left in the midst of the ambionft 
liquid should take spontaneously one form more than anothw, since, relatively 
to all the forces acting upon it, it would be exactly in the same position as an 
equal mass of alcoholic mixture wliopn place it would occupy. Uutitis evident 
that this identity between the different attractive forces does not exist, and that 
the attraction of the oil for itself greatly exceeds the two others. The muss of 
oil, therefore, ought to obey this excess of its own attractive forces. 

We thus come to this conclusion, that our mass of oil may be perfectly as- 
i^imilated to a liquid mass without weight, suspended freely in space, and sul>- 
mittel to its own proper molecular attractions. If ow, it is clear that such a 
msRs murit take the Bpherical form. 

Well, experiment confirms all this in a complete manner. The mass of oil, 
whatever its volume, remains, in fiict, suspended in the midst of the alcofaoUe 
liquid, and takes the form of a prrfeet sphere. 

3. In order to obtain this singu! ir result with facility, it is neeessaiy to take 
certain precautions, which I will describe. 

The first concern the tbrmation of the alcoholic mixture. The density of this 
mixture necessarily varies with the kind of oil which is used.* For the olive oil 
which I employed, and for the purity of which I eannot vouch, the proper mixture 
marked twenty-two degrees on the areometer of Bt aame. If, therefore, any one 
wi.-.hcs to olive oil, ho may always consider al)ove value as a firnf npprox- 
iinaiiou, and, by succesj^ive attempt!*, will bring the liquor at length to the exact 
point which it ought to reach. To accomplish this, a test tube is filled with 
the liquor, into which a little oil is afterwards poured by means of a long^neeked 
fiinnd, which reaches about half way down the test tube. The oil; on reaching 
14.8 
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the Uqaor, forms a globule, to which a diameter of ahout two centimetres* must 

be given, and which a little shake will d< t.ich from the mouth of the funnel if 
it does not detach itself. Then, accorJingly as this j^lohule falls to thu bottom 
of the licjuor or rises to its surface, wc conclude that the quantity of alcohol of 
the mixture is too great or too Bnudl ; we therefore add to this a little water or 
alcohol* taking care to stir it weU> and recommence the experiment of the test 
tube. The same operations are repeated until the globule of oil remains eua- 
pcndt'd ill ihe liquor, without appoarinjrto have «n tendency either to fnll or rise. 
The mixture may tbon con.-idnt (i n)^ approaching vc-iy ueurly tlie desired 
point. 1 aay very nearly, lor ihc globule ol oil of the test tube, being of bmall 
dimensions, has more dimcolty in moving in the Hqnor than epherea of a large 
diameter, and it may seem to be hi equilibrium of density with the surrotiiidiBg 
liquid, whilst for a larger vohimr- of oH ili - equilibrium does not exist. 

4. WIm-u the alcoholic mixture, which i presuppose to bo contained in a 
large gl i flask of tht; ordinary form, has attained ilm point of approximation, 
the next lUiug is to introduce the mass of oil. For this purpose th«i long-necked 
fninnd which has been mentioned above mast be again used, and tSis must 
reach to a certain depth in the liqnor contained in the flask. Li'ttiug the funnel 
rest on the neck of the latter, we pour the oil slowly, Tht ii, if ilie alcoholic 
mixture is by chance exactly iti the requisite proportion?, the oil forms, at the 
extremity of the neck of the I'uunel, a sphere, the vohiuif of which increases 
gradually iu proportion as we add this last liquid. VV hen the sphere has at- 
tained the volume we desire» the neck of the fdunel is withdrawn with caution; 
the sphere which adheres to it rises with it toward the surface of the liquor, 
and the oil which it still contains is added to the preceding. Lastly, when the 
sphere hn«< nearly ro-Tchod the surface of the aleoliolic mixture, a little ^hake 
detncbt s it I'rcjm thcfuuii' l. Ordinarily, however, the inixlure has not so exactly 
tiie deeired density. We then see, in general, several tuccessivc spheres of oil 
formed,, which, detaching themselves one after another from the mouth of the 
funnel, fall slowly to the bottom of the flask, or rise to the surface of the alco- 
holic liquor. In this case all these spheres should, in the first place, be united 
into one, which is easily done by the followinjir means. Wc introduce into ona 
of^thoTO the end of an iron wire. The adherence which the oil contracts with 
this uieLal then allows the sphere iu question to be easily conducted in the am- 
bient liquid* and to be led to join with a second sphere.! By continuiog this 
treatment, we soon succeed in uniting all. Then, according as the whole sphere 
shall remain at the bottom or on the surface of the liquor, add cautiously to the 
latTf'v Ji eertnin qn.nntity of water or of alcohol; and, after havinc; corked the 
lla.<k, we next turn it several times slowly, and bo m not to disunite the sphere 
of oil, until* the mixtiure is well efiected, which w ill take place when wo no 
longer perceive any strin in the liquor on looking throu^ it at a window. 
Lastly, the same operation is to be repeated until the sphere of oil is perfectly 
in equilibrium in the surrounding liquor. 

.5. If the fxprriinont has born made, as T have suppo?:f>d, in a flrt*k of the 
ordinary iorui, that is to say cylindrical, the ma«s of oil does not, however, ap- 
pear exactly spherical ; it is widened in the horizontal direction, iiut this is 
only an optical illusion, attributable to iJke form of the flask. The latter, with 
the liquor which it contains* acts in the manner of a cylindrical lena whose axis 



* 8re tuble of measures at the end of ihls volnme. 

tin ordor thus to compel two sphor**'? tn Tinite, it docs not priffirp to pnt them in contact 
with one anothtr. They nii<jht touch tor a ioufr timo without uiiugliujr into one; one would 
say that tbcy are enveioju d in a resisting pclliculo which opposes their union. It ijialio 
nece^^sary, therr foif. to iutrodiico tho p^trcrnlry of the metallic wire into the ficcondjSphcrc, a«« 
if Wtt w Ljhed to break the partition which separates the two masses. The union is then efibcteil 
immediatelj. IdiaUxevert totliessphfliMniMnaheNafter. 
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would be yertical, and .enlarges in appearanee tlie lioiisontal dimenaions of the 

object. 

In order entirely to avoid this illusion, we must use a vesgcl of plane smooth 

sides, formed of plates of glass set in a metal frame, 8.) We ihvu liave, in a 
complete manner, ilie curioim spectacle of a consideraDle masH of li(jui(l ]>r( S( nt- 
iag the form of a perfect sphere, and imitating, in some measure, a pkuet sus- 
pended in Bpaee. 

Instead, also, of the above vessel, a glasQ balloon may he used, which is more 
imple and less expensive. In this case, indeed, the mas^ of oil only appears 

in its ronl figure when it occupies the centre of the balloon j but the apparent 
distortion is small, as long as the sphere is not moved considerably from this 
centre. A vessel of this kind is very convenient for most of the experimcuta 
whicli I stiaU deseribe in this part of the memoir; bnt it would not seire for 
diose which I shall have to make known subsequently. 

6. Now, having obtained, by means of the process above det»led, a fine 
sphere of oil well pn<?ppnded, and presenting, I will suppose, a diameter of pit 
to seven ceiitimtitrcs, wu shall observe the following circumstances, which it is 
important to notice before we proceed further : 

In the first place* the eaniubrium, previously well established, is soon dis- 
tmrhed of itself. At the ena of a few minutes we see the sphere quit its place, 
and rise with extreme slowness towards the uppw part of the ambient liquid. 
If a little alcohol bo then added to restore the erjnililirinm, on treating the mix- 
ture by the prorr-'ss of § 4, this or|uili}ii ium is aj^'-ain hmkc^n in the same maimer 
at the end ot a certain time, in tine, it is only by coutiuumg for some days to 
maintain it by the successive addition of small quantities of alcohol that we 
come to obtain a permanent equilibrium, which is then no further disturbed, 
except by an accidental cause, of which we shall speak in the following para- 
graph. If the temperature docs not fall below 18^^ ceritig^r., the above phenomena 
are tli^ only lu s ol»serv(Hl ; but Bometime?', if the temperature remains below 
that iimit, auti always, if it is below 15^, another effect is manifested, namely, a 
diminution in the transparency of the oil. 

Those phenomena are owing to a gradual chemical action which takes 
place between the oil and the alcoholic mixture. The first of these would be 
very inconvenient in most of the experiments ; but, happily, it may be obvi- 
ated. Tliis can evidently be effected by employing the two liquids only when 
they have already exerted upon one another aU the action of which they are 
capable. The ou and the aleoholic mixture which I used are now inert with 
regard to one another, because, having been employed a great number of times, 
they have had time to exercise the whole of their mutual action. Besides, it is 
easy, in a short time, to brin^ the two liquids to that state of relative neu- 
trality, by aj^itating them togetlier in order to divide the oil, and thus to 
accelerate tho action, then separating them by a suitable process. This opera- 
tion requires some precautions, which we shall examine in f 24, in order not to 
interrupt the course of the memoir by details which arc not n \/ indispensable. 
In all that follows we shall always suppose that two liquids thus prepared axe 
employed. 

7. Another can-o disturbs the equilibrium between the sphere of oil and the 
ambient liquid. This is the variations of temperature, which alter the equality 
of the two densities ; and the degree of sensibility of such a system in this re- 
spect would hardly be conceived. For example, when the vessel is carried 
into a room a little warmer or colder than that in which it had been In foi e, tho 
sphere soon falls in the first cape and rises in the second. On tlie ni' ic appli- 
cation of tlie hands to the outside of the vessel, it will be seen, after a few sec- 
onds, that the sphere begins to fall. 

We must be oontinuaUy on our guard agahist these effects of temperature ; 
otherwiae» they disturb tne experiments. The foUowing is a recent iBstanca 
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which occunotl to me. The oil and the aleoliolic liquor M'cre enclopt <] in dif- 
ferent flasks, and the latter contained a very excet*8 of alcohol. Having, 
hy chance, carried these two flasks into a room wanner than that hi which tliey 
Imd bc«»n, I firf t introduced into the mixture a certain quantity of oil, which, hy 
rotiBon of ihe flight cxcesB of alcohol, desceoded slowly to the bottom e( the 
fia^k. A short time aftcrAvards 1 poured in another quantity of oil, and J waa 
puipricied to pee this, on the contrary, li.-e towards ilie npper part ef ilx- mix- 
ture. Tlif nnsnn of the singular dilltrcncc was this: the alcoholic mii.turo 
inclo.-^ed in one ot ihe flasks was very considerable in quantity relatively to the 
oil which the other contained. Kow, at the first moment the liquids, not 
having sensibly changed their tcmpcintnrc, maintained between them tho same 
relation of density ; but after a short time the oil. by reason of its small volume, 
l)aving become wanner than tho akoliolic mixtiiro, had thus hecnme rr latively 
I glner. 'J lie warmth of the hand which In Id the ilai^k in pouriug out the oil 
must have also contributed to the effect iu ouestion. 

8. Now let as Rttppose a fine sphere of oil in permanent equilibrium in the 
surrottodhig liquid, and let us endeavor to submit it to other forces than its 
own attractions. 

Th<' fi:st idea which pros'ents if sol f is to try the fiction of centrifugal force. 
For this purpose it is necessary to imiii osp on tlit- >p]i( re of oil a movement of 
rotation around one of its diameters, and which is ctiected by introducing into 
this sphere a wall metallic disc, which is made to turn upon itself by means 
of an axis which traverses it perpendicularly. Tliis disc carries the oil with it 
hy its adherence, and the whole mass of this liquid tjvkcs a movement of rotation* 

Bef'nr*' explnininj:; the offccts w liicli result from this mo^'ement, 1 .-^liall doseribo 
in deUiil tlu- apparatus 1 have erai)h)y('d — an apparatus by tiie aid of "whieli all 
the cx])erinieni8 succeeded perfectly and with the greatest facility. . It is rep- 
fesented in fig. 1. 



Fig. 1. 




The vessel is with ]>l.ine sides, formed of rectangular pbites of glasf; pet in 
an iron frame ; the sides are each 26 centimeties br« ad and 20 high. I he 
Kmnll disc and its axis -arc also of iron, a metal whose prolonged contact wi:h 
oil does not stain it as copper does. The diameter of the disc is about 35 mlUi- 
mcti-cs* and the axis is formed of an iron wire about Ij^ millimetre thick. l*hts 
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^ixii* is* fixed by its lower cud into a hole pierced in the middle of tlie j»lale of 
gla.«8 which forms the bottom of the vessel. This hole is closed below by a 
emaW ]>lute of iron cemcnW to the glass. The upper end of the axis is screwed 
to a larger wire, which forms the prolongation of it, and wliicli. 1m Id with a 
modenitc degree of friction, [d frottcmmf ifotfT.] in apiece of which 1 sliail ppcak 
bwafrrr, receivrf at it*^ ntlier oxticniiiy the handle by means M-hich the disc 
* y turned. "When the whole by^tem is in place the disc ought to be half way 
Dp the Tesscl. The pquarc plate of glass whith closes the vessel above is 
pieeed with two openings, each fnmishcd with an iron neck, which is closed 
with a stopper of the same metal. One of tliesc (>])enings is in the middle of 
the plate, and it.-^ diameter is 55 millimetres, ll is tlironjjh tlip ^fopprr wliich 
clo!*es ir iliat the rod passes, d froHnnmt dovx, which receives on the one side 
I be axis of the disc, and on the other the handle. . (See figure 2.) The other 




opening is smaller, and is placed near one of the angles of the pint c. It serves 
for introduciiiL' nito the vestjci eiiher the metallic wire, by tln' aid of which wp 
unite the pai iial ma.sses of oil, or additional portions of alcohol, or of mixture at 
another degree, (§9,) &e., when these operations are to be performed without 
removing the disc from its place. Lastljr this same plate is cemented into aft 
iron frame, which is turned up all round, so as to fit upon a vessel as a lid npon 
a box. 'J'hc upper edji;es of the vossel have been gi-ound M'ith emery all to- 
gether, after their beiii^ placed in the frame, so that the upper plate ot glasci fits 
exactly upon them; and by rubbing these edges and the metallic stoppers with 
a little oil, the vesseL when the plate and stoppers have been placed* Inaj he 
cnnsidercd as p^ectly cl6sed and keeping the mixtnre without evaporation .of 
alcohol. 

In my appai-atus the plates of glass are fixed to the metallic framing by a 
re.«iiKm8 cement, and this is slightly attacked by the alcoholic mixture. Tt 
would perhup.-* be better to use some glazier's putty; for the alcoholic mixture, 
being prepared so as not to act any more npon the oil, (§§ 6 and 84,) this latter 
cement would probably not suffer any alteration. However, the resinous raastie 
resists to such a degree, that I have been able to leave the alcoholic liqu(nr« 
without iiiconveniencc, in the vessel for whole monthri. 

The upparains \s liich I have just described is the best suited for obtaining, 
in all their beauty, the phenomena, which arc the objects' of these experiments; 
but, as I have said above, a hollow sphere of glass of pretty large dimeneionB 
might be used with less cost, and wiuiout too much disadvantage, at least for 
the experiments treated of in this part of the memoir. This ought to he fur- 
nished with two tubular openings, one of which would serve for introducing the 
system of the disc, and the other would efieot the same object as the second 
opening of which we have spoken above. 

I shall, however, in what follows, suppose all along that the plane-sided ves- 
sel above described is the one employed. 
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9. The app^atos being properly arranged, the next thing Is to operate bo as 
to cause a sphere of oil to sniroimd the disc in such manner Uiat tlieir two 

centres are sensibly coincident. To attain tlii.-^ point, let us first c ntl avor, be- 
fore hiti'oducing the dl.-c into the veffel,- to bring the centre of the f*])herc to 
remain at the height ;it which that of the disc should bo. Tt would be extremely- 
difficult to accomplish this by suspending a sphere in a homogeneous alcoholic 
mixture, as we have hitherto snpnosed; for then there is no reason why the • 
sphere should not stand higl^r or lower ; and, if even by chance it were placed 
exactly at the desired height, the movements which would be produced on in- 
troducing the disc would rcry proh;ibly change this height. It is, therefore, 
necessary to employ a more sure process, and the following succeeded perfectly. 
We begin by causing the alcoholic mixture to contain a small excess of alcohol. 
Then, the yessd being flnnished with its lid, and the stopper which closes the 
central opening being lifted np, the mixture is introduced by this opening in 
such quantity that the vessel be not completely filled. A certain quantity of 
a mixture, less cljarged with alcohol, and marking only 16*^ on the areometer 
of Beaumd, is then cautiously added. This, IVom its excops of density, falls to 
the bottom of the vessel, where it spreads itself in a horizontal layer. The oil 
is then introduced, which, by reason of the small excess of alcohol contained in 
the upper mixture, descends throogh the latter till it rests upoQ the denser layer 
4>f the lower mixture, either in a single mass or in several partial masses (§ 4.) 
This being so, we unite, if the case requires it, the isolated spheres into a sin- 
•gle one; then we stir the liquor cautiously with a glass rod, so as to mix im- 
perfectly the layer at the bottom with the higher layers, but without liividing 
the mass of oil, and the system is then left to rest It will be seen that there 
must hence result in the ucoholic liquor a state of density inereaeing from the 
upper layers of less density to the lower of greater density than that of the 
oU ; nud that, in consequence, the mass of oil w ill necessarily remain iu stable 
equilibrium with respect to the vertical direction, iu a certain layer whotse mean 
density is equal to its own. ^iow, in performing the operation with the neces- 
sary precautions— that is to say by stirring the liquid only a very little, then 
leaving it to rest to observe the effect which results, again stirring it and leaving 
it to rest, and so on ; lastly adding, if necessary, a smatt'portion of mixture at ■ 
16^, or of pure alcohol, according to circumstances, we easily succeed in causing 
the mass of oil to remain exactly at the desired height, and, as we have seen, 
without tendency to a change of position in the vertical direction.* In geome- 
trical strictness, truly, this mass of oil esnnot then be any longer perfectly 
spherical ; it must be flattened a little in the vertical direction; but, if we have 
• operated so that the Increase of the densities is very feeble at the height at 
which the oil stands — -md we easily obtain that result by suitable trials— the 
iiattening in question is completely insensible to the eye, and the mass appears 
exactly spherical. 

For the experiments which we have to describe, tiie most convenient diameter 
to give to the sphere of oil is about 6 centimatres. We easily aeeomplish this 
by first forming a less sphere* and adding Buccesaiyely fresh portions of oil, * 

which we unite v>-i>h the first. 

The next thing is to place the disc. This being attached by its axi.^ to the 
rod which passes through the metallic stopper, (§ 8,) wo begin by oiling it as 
well as the axis, then introdtiee it slowly into the alcoholic liquid, and cause it 
to penetrate by its edge into the sphere of oil. As the disc has previously 
been oiled, the sphere envelopes it without difficulty, and, what is remarkable,* 



• Thn (lifToi-L'Ut liquid layers thus STipcrpfwed tend of thomsolves, it is true, to m'ix : hut, as 
they aro placed iu the order of their dt usities, this spontaneous mixture proceeds oui^- with 
extreme slowness, and it requires a great many days for the lii^oor to beoons hffBIOgifriawTOi 
No inconTeaieiioe thexefoie lenilts mm this for the e^odmeiits 
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gradually of itself assuincs such a position that the axis of the disc traversed it 
diametric.illy. Thi^ pfFrct is nvidently owingj to the attractive action of this 
axis, or rather of the coating of oil with which it has been moistened — an 
action which tends to operate in a symmetrical moaner oU ai'ound it, and thus 
brings the entire epheire of oil into a poBition aymmctrical with reapect to thii 
same axis. Now it will bo seen that the centre of the Sphere tending* on the 
one hand, to remain at the height of that of the dit*c, on account of the super- 
position of the alcoholic layers of unequal doiipity, and, on the other hand, to 
place itself in the axis of the disc, on account of the symmetry of the 
attractive actions exerted by the latter upon the oil, thu centre of the sphere 
and ihaJk of the dise will eoincide, and will tbns remain in a fixed position. 
Only the sphere will then be slightly elongated in the vertical direction by the 
attraction of the axis of the disc ; but this elongation is very trifling if the 
sphere present, as we have suppoprd, n rlinrart^^r of 6 crntimf tro?*. 

IQ. The sphere of oil being tlm.s t^aiUibiy placed, we slowly turn the handle. 
We then presently sec the sphere Jiattm ai itspoks and swell out at its cquatort 
and we thus realize on a small scale an e£Eect which is admitted to have taken 
[dace in the planets. 

However, altliough tho rp?nUs ran.y bo of the same nature in tlio rase of the 
great planetary masses and iu that of our little uiMfieH of oil, I must not omit 
to remark here tliat there is an es.'iential ditierence between the forces which are 
in play in the two cases. In the first, the force which tends to give to the great 

Slanetary inass a spherical figure, and against which the centrifugal force acts, 
inniversal attraction"; in the second, the force which acts the same part with 
rr-p^nrd to the small mass of oil, is molocular titlr.ifUoii, \\liicli is f^nlijrct to 
diiiV rent laws. But as, on ciihcr band, the aggri^ ttc of the aclions reduce* 
itself to a contest .between centritugal Ibrce and another force tending to pre- 
aerve the^j^herical form of the liquid mass, it appears that the results must he 
analogous* if not identical, with respect to the figure whidi that mass assumes. 

[This, we do not think, is quite correet. The forces which produce the eqni- 
' Hbrium of the ring are as foUowa : Firat. The centrifugal force which tends 

to throw the atoms from the centre. of motion. Second. The force d(;veloped 
by the external and internal horizontal enrvatnref'. ihc (]Ireeti()U ofwliicli Is to- 
wards the centre. Third. The IVuce developrd liy the external and mternal 
vertical curvatures, one of which acts towards the centre, and the other from 
the centre. The roundness of the ring is caused by the oomhined action of the 
extmnal and internal curvatures, which, under no ebeumstancea of velocity of 
lOtatio^f would produce a flattened ring. — J. H.] 

In order to observe, in all its beauty, the phenomenon on which we are en- 
gaged, ihe handle mn?t, at fir^t, be turned with very little velocity — a turn in 
five or six sccomls. The etlects arf even then very decided. If v.e after- 
wards apply a somewhat greater velocity — for example, a turn in four st eonds — 
the flattening at the axis, and the swelling at the equator, arc seen to be more 
eonsidentble, and they are fturfther augmented by inereaaing the velocity of the 
handle to one turn in three aeconda. Before proceeding fi^er we may remark 
that, in these expei-iments, the handle muat not be turned too long, for the mass 
of oil which, in the first moments, presents exactly a fip^nro of revolution, 
eventually loses this form. At each fresh trial, thtaefore, the system must be 
left to re|)ose. The oil then resumes its spherical ibrm, and slowly, of itself, 
leplacea itself in the proper position. The change of form wluch supervenes 
when too many tuma are given to the disc occasions results of a particular kind, 
and which are not without intorest. I shall speak of them by-and-by, (§ 22.) 

11. Now, if instead of moving the handle slowly a considerabh' velocity is 
given to it, as two or three turns in a secoad, mw. and very ctn-^^s phe- 
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nomena arc mauifcBtcd. The Hqnid sphere first takes rapidly its maximum 

of flattening, t£ent becomeB hollow alwTe and below 
aronnd the axis of rotation, Btretching ont continually 

(in a horizontal direction, and* Anally abandoning the 
disc, 18 tranuformed into a perfuUly regular ring, 
(fig. 3.) 

This riDg is rounded transversely, and appeals to have 
a circle for its generatrix. At the moment of its fonn* 

ation its diameter increases rapidly up to a certun limit; 
when this is reached the movement of the disc must be 
Btoppcd, I'lic rinp^ now remains for Homo pocond:^ in 
llic .<amo stato. llion, tlie r*':^i^taiicc of tlic aiulticiit 
liq^uid weakening its movenicut of rotation, it returna upon iuell and ciiau^ca 
back into a sjphere around the disc and its axis. 

The velocity of the handle most suitable for producing a beautiful rin^, is 
about three turns per second. The ring thus obtained has a mean diameter of 
9 to 10 ccnlimetros. 

12. When, at the in.staut of tlio formation of tlio ring, the mass of oil wbieb 
constitvites it separates from the disc, a singular ciicumstancc is observable ; the 
ring remains united to the disc by an extremely thin pellido or film of oil, 
which fills all the space between them. But at tlie instant that, the ring having 
reached its greatest extent, we stoj» the motion of the disc, this pellicle breaka 
and (lisappoars of itself and the rinj; then remains perfectly isolated. 

It may be eonceived that this pellicle is not a circumstance essential to the 

Sheuomenon of the formation of the ring ; and we shall see, in another part of 
lese experiments, that it is probably connected with an order of fiiets wholly 
different. 

13. The heavens exhibit to us also a body of a form analogous to our liquid 
ring. I allude to Saturn's ring-. That, indeed, is flattened, whilst the trans- 
verse contour of ours appears altogether round j but 1 do not think that this dif- 
ference is so great as it appears at first. 

In fiuit, the centrifugal force, which goes on increasing from the inner dr- 
enmfercncc of the ring of oil'Up to its outer circumference, necessarily tends 
to streu li this rinp: in the direction of its breadtli, or, in other words, to flatten it. 
])Ut the flattening must be of very small amount; for, on account of the in- 
considerable dimensions of the ring, and the slowness of its angular movement, 
the kind of traction which results from the variation of centrifugal force must 
be very trifling in comparison with the forces developed by molecular attrac- 
tion. 

14. It appears to me, then, that we may reafonahly admit that our ring of 
oil is in reality slightly flattened, and that in consequence it only differs from 
that of Saturn, with regard to general form, in the less quantity of flattening.* 
But fuither, in the system of Saturn, the flattening of the ring is in part deter- 
mined by the attraction of the central planet. Now, at the first moment of 
the formation of the ring of oil, the latter is submitted to a particular force, 
whieli jdays a j)art analogous to tliat of tlu? above attraction. In fact, thi.s 

• attraction acts with the greatest intensity at the inner cireuiiiference of Saturn's 
ring, and thence decreases rapidly in the res't of this body. Now, at the first 
moment of the formation of the ring of oil, wc have seen (§ 12) that the latter 
remains united to the disc by a thin film of the same liquid, and we may con- 
vince ourselves that this film ezerts, on the inner circumference of the ring, 

. a considerable force of traction. In fact, if wc stop the movement of the disc 
a little too soon, that is to say a little before the ring has reached its maximum 



* I ItiHvo out of the question here the subdivision of the ring of Sutum. This subdivision, 
aa.is known, is not essoitiaOy co n nected with the conditioos of equililwium of the ring. 
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of (ll.imotcr, tlio film of oil does not break, and the ring tllQ^ returns ufott 

it.^rlf (§ 11) with a much greater rnpidity thnn yyhcn the film of oil Is broken, 
and the ring remaiua isolated. The traction wbicii the film of oil exert?* nn the 
inner circumference of the ring ought therefore to produce an efiect analogous 
to that of the attraction of Saturn, that is to say, contribute to increase the 
flatteniiig. 'Well, the ring of oil before the rupture of the film pretranta a very 
marked flattening. In order to obtain it j)erfecliy, care must be taken that the 
•^i)h(^re be well centred in relation to tlm disc, hcfcirt' In^i^inning the experiment; 
and it is useful to turn the hnudlc wiili a velocity somcu-hnt le>»s than that 
indicated at § 11 ; the moat suitable velocity has appeared to me to be ahour two 
toTBB in a second. As aoon aa the film of oil breaks the flattening dibappt ars, 
and the generatrix of the ring becomee, at) we have aecn, sensibly circular.* 

15. Geometricians, who have investigai^cl the figure of equilibrium of a liquid 
mris^^ in rotation, have only rog'firdcd the case in whtcli tlie rirtrnction which 
diunlL'iacts liic ci unitugal force is that of universal i;iavitaiion, and they have 
demonstrated that elliptical ligures in that case SJiiisly this equilibrium. Arc 
we thence to conclude that the annular fbitn dovt* lupcd by the rotation of our 
mass of oil results from the diffiorcnt law which governs molecular attraction, 
(§ 10.) and that, in the instance of the hcavculy bodies, the figure of an iso- 
lated riiia could not be produced by the f^ule coinbinaliou of ccntrifu;:;!! forcr ;n<f"i 
of tlie mutual attractions of the difl'eruul ))arts of the mass? J am not of, thai 
opiuiou, and 1 thiuk it, on the contrary, very probable that if calculation could 
approach the general solution of this great problem, and lead directly to the 
determination of all the possible figures of equilibrium, the annular figure 
woold be inchided tunong them. This general and direct solntiou presenting 
vory jrreat difTlenlt'ef*, p;eomeiricians have contented rhomsolves with trying; 
whether elli])iical ligures c'f)iihl satisfy the equilibrium, and with ]iroving that 
they in fact do satisfy it; but they leave the ij[uestioii in doubt, whether other 
%iires would not fiufil the same conditions. In truth, Bf. IJouYille, in his 
last researcbes on this 8ubjcct,f appeal's at first view to have nearly solved 
the question, by introducing the consideration of the stability of the figure of 
equilibrium, and showing that for each value of the moment of rotation, or, in 
other M'ords, for any initial movement, whatever, of the mass, there is always 
au elliptical fig;ure, either of revolution or of three unecjual axes, according to 



* I had thought that it would be po.-isiblu to obtain rings isolated and greatly flattened hy 
opcmtitig upon larger masses of oil, for then, tho ring having ti larger voTnme, the inflnonce 
f»f the molecular attraction should bo less. But I have found tliai, In oporatinp;- on Iarp:er 
oiasse-s, it was necessary, iu order to obtain tho ring in a regular aiauuei. to employ a more 
fecbic velocity of rotation, so that, if tho influence of the nioloculur attraction was diminished, 
that of tho centrifugal force was so equally. The flattt uiiig, then, did \uit become more seusi- 
ble; or, if 1 have sometimes imagined that I observed any. 1 have uot been able to reproduce 
it at will. I liavc operated thus on spheres which were, suocesMveiy, about 10, IJ, JS, and 
l4 uitiaietrcs iu diainorcr, with discs of u diamoter of fromsovrn lo r'ine centimetres, and in 
a vessel with piano surlaces, having u bottouj .ib ceuiiaietres square, and a depth of centi- 
iDBtrea, The tffects, however, thus obtained ai% very beautiful. The rings are magnificent; 
pi"e?;pnt a cotisulerable diameter, and remain sometitrics for <M;:hi to ten .second?^ Ik lore return- 
ij'g uu iheiusclves. With u spbe.c of ten centimetres diameter, a disc of seven, and a velocity 
a liitle less than one turn of tho disc per second, wo obtain, in a very beaatiial and very 
marked manner, the flattonhi;; resultin;:^- fnun tie tructicn of the film of oil. 

Those experimeut.s, iiowever, are iucouvcnitut and difficult, on account of the large dimen- 
>i(Mk8 of the TOSBcl, and the i^reat qaastity of aleobolic liquid necessary to 11 il it. 

It may be coureivcd, moreover, why a Inrger mnf^s of oil requires a !r?s velocity of rotation 
to produce a regular riug*. It is precisely because the uiolecuiar attiactiou liu.s Ics-s influence; 
wheace, it resuits that, if we attempt to employ the same velocity of rotation which would 
give a beautijol ring with a less quantity of oil, the mass disunitesi and is scattered into 
I spherules. * 

t riie memoir of M. Liouville was communicated to the Academy of Sciences in the sitting * 
Of the 1 :]ih of Fehmary in this year. An analysis of it may be found in the Jooimal X>'/e» 
»titttt, Ku. 477. 
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the circuinstanjcs, •which constitutes a {orm of stahlo eqiiilibpum. It appears, 
in effect, natural to admit that, for a given disturbance of a liquid ma^s, there is 
but one single final state admissible ; and, in this case, this state must necessa- 
rily possess stability. However, I do not deem the concltision which may be 
drawn from these reinltB so general as it appears at first sight Without doaht» 
for a primitive disturbance given, there is only one final state possible, and that 
state must be stable. But the condition of Btability of a I'ound fi^nre of cqni- 
librinm does not neccBsaiily involve the consequence that this li^ure m ill cgu 
stitulo the final state in (|Ue«tiou, for it may happen that several ligures of equi- 
librinmi coirespondrng to the same primitive disturbance, might equally po^^^ess 
stability, and that the choiee of the mass for one of these figures may have been 
determined by other circumstances ; for example, by the modifications which 
it8 movement experiences in the fii*st moments of rotntion. In fact, it is by 
examining these modifications, txy which the atieuLion of gcanetrician!^ ha«t not 
been directed* that I shall attempt to anive at the mode of generation of annular 
figures. 

16. When the mass begins to revolve'upon itself, the angular velocity of the 
portions remote from the axiSt which are carried off by their .centrifugal foreei 

necessarily goes on diminishing. This diminution if< especially apparent on 
the equator of the mass, and it is the more conside rable in proportion as the 
initial movement of rotation was more rapid. It thence restUts that, in the fii*st 
instants of a sufficiently rapid rotation, th^ will be a gretft difforence of angular 
velocity between the portions which are near the axis and those which are near 
the equator. Nevertheless, if we admit for a moment that, in virtue of the 
adherence of the liquid for itself, and of the friction of its several parts, the 
portions which turn mo«t rapidly communicate by degrees a part of their ve- 
locity to the others, so that iu the cud the result is a mean angular velocity, 
corresponding to the same moment of rotation, and equal in all the points of the 
mass, this may take an ellipsoidal figm-e. 13 ut long oefbre the feeble forces, of 
which we have just spoken, can bring about this mean result, another order of 
phenomena would bo manifested, wliich may impede the development of the 
elliptical fi^uro and ^ive rise to an annular form. 

lu fiict, it follows necessai'ily from the preceding considerations Lixut, in the 
first instants of a rotation sufficiently rapid, the centrifugal force at the equator 
of the mass will be much less than that which would correspond to, the above 
mean velocity; and that, on the other hand, the centrifugal force of the portions 
near the axis will be by mucli superior to that which would corres]>nnd to the 
.•same mean velocity. The liquid next the axis will, thervi'orc. he driven towards 
the liquid of the equator, whence there will uecessaiily result the forniuiiou of 
a sort of circular cushion, fbottrrHei,) more or less marked. In other words, 
the mass will soon become hollow in the'middld, and will swell out all aroond. 
Now as soon as this phenomenon takes place, it will be conceived that the it- 
traction exerted by tnis baun-clct on tlie liquid remaining around the axis must 

* be an addition to the action of the centrifugal force, and coniribute to increase 
the volume of the bourrdtt at thc'expense of the central liouid. Ileuce, there- 
fore, it may evidently result that all the liquid will leave tue axis for the bour- 
rde/, and the latter become in a manner a veritable ring. 

This generation of the annular figures would therefore be independent of 
the law which the attraction follows, and would bo, in consequence, the same 
in the case of universal attraction and in that of molecular attraction. 

It. It is easy to verily this mode of generation upon our mass of oil, or at 

' least to assure ourselves that during the fonnation of the hourrelet and of ^ 
ring, the angular velocity is uuch less at the equator of the mass than towards , 
the axis. For this purpose I shall first point out that when a certain nnmbfr 
of experiments have been performed upon the same mass of oil, and this hus 
been several times dlBimitea and I'eformed into a single sphere and into a riug> 
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it always holds within it a multitude of small bubbles of alcoholic liquor, which 

boriK' along' hy tbo oil that snrroimds them, render the movements of the differ- 
eut poiutd of lilt' mu.-:S perfectly obr^ervable. xSow, if the exptnimcnts which 
we iiave dcBcribed be repeated with the aid. of a sphere of oil thii^ iilled witlt 

aleohoHc babbl6fi> the following resnlts are obeerred. So ku^ u:^ we give to 
the disc doch Blight velocitiea only as are sufficient to produce a simple flatten- 
ing, thero is not a great difference of angular velocity between the portions 
next to the axis and the portions adjoinin«^ the equator ; but tins difterenc« 
becomes a ery considerable when the disc turns more ra^pidiy, and the bourrelet 
and the ring are developed. 

We may thus prove, Dy means of the small alcoholic bubbles* that the mean 
angular Telocity is establiahed in the ring once formed, and that all the paints 

of the latter perform their revolutions in the same time. 

Turtbei-raore, in our experiments upon the masses of oil, there are two foreign 
forces which act, in additiou to the causes which we have noticed, to facilitate 
the development of the boarreleL aad of the ring. One is the retjiotauce of the 
ambient liquid, which contributes to weaken the angular velocity of the equa- 
tor of the mass ; the other is the action of th(- hand which keeps up the motion 
of rotation of the disc, and consequently hinders the central portions of the 
mass from participating gradually in the slackening of the eqnatoriftl ytortions. 
But that which is produced by iliam two forei^j^n forces would be equally pro- 
duced by a greater initial velocity of rotation if wo could annul theuL. 

18. when, by the aid of a moderate velocity of the disc, we limit ourselves 
to producing the flattening of the mass, the two foreign forceii of which we have 
just spoken necessarily hinder the latter from attaiuing an angular velocity 
equal in all its points, even thouc^h we keep turniui^ the disc. The rpsuit is, 
that the macB cannot take e^^actly the ligure vvhicii would correspond to that 
equality of angular velocity. That which it adopts is a figure of revolution ; 
l^ut on placing the eye at the height of the centre of the mass, it is easily recog- 
nized that it ia not an < lllpsoid* The curvature at the equator is too small, 
and this is the more evid^t in proportion as the flattenixig is more consider- 
able. 

Now, is this difference between the figure thus produced and that which would 
correspond to the case of univei'sal gravitation solely the result of the action of 
the two foreign forces in question, or is it itf part caused by the diSereuGe of the 
laws which Sic two kinds of attraction follow? In other word.^, if we could 

eliminate or render insensible the differences of anjj^nlar veloeity of the several 
parts of the mass of oil, would the figure produced be an ellipsoid or not? Now, 
we should render these differences of angular velocity insensible if we could 
impress a movement of rotation on a mass* of oil suspended in an isolated man- 
ner, without interior system, in the alcoholic liquid, and then leave it to itself. 
In this case the resistance of the ambiwt liquid would be exercised, indeed, 
on the exterior of the mass ; but iiothin» maintaining the constancy of velocity 
of the central parts, these, by virtue of the strong seif-adhereuce of the oil, 
would participate eventually in the slackening of the exterior portions, and wo 
might consider the mass as having each instant an angidar velocity equal 
throughout. 

Now, it is very easy to realize the above by availing ourselves of flu^ fact 
that, when the ring of oil is formed, it returns, after some time, upon itself, (§ 11.) 
At the instant when the ring is well developed, and when we have just stopped 
the disc, we lift the latter cautiously by means of the metallic stopper which 
bears its axis.* Then the mass of oU, which is again fbnned by the return of 
die ring upon itself, continues still to revolve for some time, completely isolated 
d\e ambient liquid. Its figure is then, as well as the eye can judge of it, a 
perfect eUipsouL of reTolution» wluch gradually approaumates to- a -sphere in 



UiQiiized by Gooc' 



220 THB FIGtTBES OF EQUILXBRIITM OF A LIQUID 



proportion as the rotatory motion becomes weaker.* Thus, the difference of 
the laws wliich govern the two fJortB of nttiuction appoarf not to influence die 
nature of tiif iigui*e taken by the maSB that tuins upon ituelf. 

19. A liquifl maijs can only assume and preserve an annular form under the 
influence of a sufficient centrifagal force. ThnB, as we bare 8een» when the 
rcsiBtaaoe of the alcoholic liquid dm diminished below a certain limit the velocity 
of rotation of the ring of oil, the latter, obeying the preponderating action of the 
raolpotilnr attraction, return!' tipon itself, loses its nnnular form, and reconstitutes 
itself into au entire muss, liret ellipsoidal and th< n pphericnl. But if, hy a 
method which I shall describe, we prevent the ring from agglomerating thud, 
and still leave the action of its centrifagal fdrco'to diminish, we then witness 
the appearance of other phenomena well meriting interest. In order to produce 
them perfectly* in place of the disc of 85 millimetres, a disc of about 6 centime 



* 1 had ( xpoctcd to be able to obtain a revolving isolated mass by means of another process, 
viz : by luiuuug a spljuro of oil in the middle of a cylindrical flask so arranged as to be able 
to tarn ni)on its axis ; then caasing this flask thus to turn with rapidity, quUI alt the liquid 
within, alcoholic mixture and mass of oil, had taken the same motion; then suddenly slop* 
ping the fla.sk. In effeft, it seems that then the alcoholic liquor being the first to lose its 
rotatory motirn by the friction against the statKtnnry sides of the flask, a moment must 
occur when the mass of oil maintains an excess of angular velocity over the ambient liquid, 
and that then the effects of cenlrilugal force upon that mass may manifest themselves. Bat 
the expci iiiK'iit ^^Ives few results. First, it is extremely diflicult to keep a mass of oil in the 
middle of the llask. We keep it tolerably in the axiit of the latter, because, if we have i^uc* 
ceeded in placing it so that its centre is Iktlo removed from that axis, the rotation of the am- 
bient liquid brings it there, and tlu n retains it there very well. But it is not the same in the 
direction of the height of the flask. 1 1 u homogcuaous aloohoUe mixtore be emplu/ed, and 
the sphere of oil is placed, before turning' tim ilabk, a little higher or lower thaathe middle of 
the hei{|ht of" lli< latter, it tjiii's its place when the flask tuiDs to ascend, in the first case, or 
to descend, iu the second, until it comes to he dispersed against one of the two bases of the 
flask. This effect is attributable, 1 think, to the fact that the two bases exercising upon tbe 
sections of liquid \\ hu h touch them a motive action much greater than that to which the 
paiallol sections of the luLerior of tho mass are subjected, there ensues near these bases, at 
the commencement of tho rotation, an excess of centrifhgal force vthlch determines a ten- 
dency iijUN jirds uikI <.lo^^ i!\v;n lis of the liquid near the axis. It is therefou' ni ce ;.-ai y to en- 
deavor to nlivcc the sphere of oil in a poiikiou very near to the middle of tho hoigUt of the 
Tessel. UafoTtunaleij m'o cannot use tor this purpose the proc-ess of etiperpoeition of the al- 
coholic layers of unequal density, i(\ 9 ; ) for tlien, in t!ie luiiiilou of the flask, the denser in- 
fei'ior layers come necessarUy, by the excess of centrifugal force which results trom their ex- 
cess of densitjr, to rise against tbesides, causing the less dense liquid to occupy the axis; and 
in this movement the mass of oil is dmwa downwaids, and is also dispeised upon the bottosi 
of the vessel. 

By employing a homogeneous alcoholic mixture and a sphere of oil of only about three 

ceiitinieacs d".;tii)eter, 1 lu>\v(•^■er succeeded scvetiil flii;es, hy dint of piitionro. in <:;-iv!i)g to 
this sphcro a sufiiciently exact position iu tlie flask to be able to keep it at the same height 
Uttdl it had itself taken the rotatory movement of the lyhole system. But then, when I 
stopped thn flask, n violent internal agitation was produced, whic h almost always disju i-f»d 
the oil in innumcrabie sphemlcs lluoughuut the alcoholic liquid, or at least destroyed its torm 
in a completely irregular manner. I attribute these effects to the following cause. Wben 
tho flask is sto)T]ii d, (he y)ortions of tho nleoliolir lifjnid which touch the sides and bases, losing 
£i'st their ceutmugal iorce, the more imerual pintious, which still retain theirs, make tbeic 
iray throtigh them, dividing them, ami this confusion is soou propagated to the ans, wheie 
it gives rise eiiliei !o iLe dispersion or to the irret,n;!ar disfiguring of tlie tnass of oil. 

In tlie cases iu whicii 1 have been able to give a suitable position U> liie sphere of oil, I 
have observed a curious eflcct ; lianiely, that in the first Instance of the rotation of the vessel 
the mass uf oil quits tho spherical form, and becomes elongated in tho direction of the axis 
of rouuiun. This elougatiou is easv explained : the movement of rotation is commuoicsted 
to the portions of the mixture which arc nearest the axis above and below the mass of oil, 
before bcin^ able to communicate itself witli tho same intens-ity to tbc latter: honrr. in tf'P 
diflercut pomts of this mass, tiieie n.nai result a less centriiugal force than in the i>oincsot 
tho alcolwllc mixture situated at the same diidancee from the axis of rotation. I'hcnce a roak 
of the oil to the .axis, and an eloiigaliou of the mass of tho latter in the direction of this hftTue 
axis. But, on cuutiuuing the rotation, the oil conies to receive the same movement as tL«) 
surrounding liquid, and it also resumes gradually the spherical form. 

On stopping the flask, not suddenly, but in a rather rapid manner, T sncceeded once is 
obtaining a i-csuit suflicieutly regular, and 1 observed, as I expected, the sphcro become flat* 
tMied oonaidombly in tho dlieetion of the axis of lotatieiL 
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tres was flttbstitnted** which readers nooeeaairy. In order to form the ring well, 
a less velocity of rotation than with the preceding disc, (the mo»t Bultable ap- 
pears to me to be a little less than two turni=? in n aeroTul.) Now, iuj-torul of 
stoppii^g the movement ot the disc at the iubtaut when the ring hajs attained Irs 
greatest dcveiopmuut, wc mvist cuatinue to move the handle. Tlie hlui ul oil 
will then break in a little time, as if the disc had been stopped ; but, the latter 
coDtinnittg to revolve in the alcoholic liqoor, the portions of thisit liqnor which 
are in contact with it will themselves assume a rotatoiy movement, and the 
cTiitriluiral force which results from it will drive them eontinunllv towards the 
ring, so that the latter will not Iti; able to return U[)*)u itself. Now. iu these 
circumsumccs, we eoon sec the ring lose its regularity, then divide aito several 
isolated masses, each of which immediatelj takes the spherical form. Thus the 
ring, when it cannot preserve its figure on account of the decrease of its cen- 
tnl'ugal force, and an obstacle prevents its refoiming itself into a single sphere, 
icsolv( d itsdf into several i.^olated spheres. As t*oon as the separation begins 
to rake place, the niovenu-nt of the dis^c must be stopped. 

This is not all : one or more ol iLesc spheres arc then almost always seen 
to assume, at the instant of their formation, a movemeot of i*otation npou them- 
selves — a movement which constantly takes place in the same direction as that 
of the ring. Moreover, as the ring, at the instant of its rupture, had still a re- 
m iinder of velocity, the spheres to which it hns ;2:iven birth tend to fly oft* at a 
Uiugeut; but as, on the other side, the disc, tnnung in the alcoholic liqnor, h;i3 
impressed on this a movemeut of rotation, the spheres are especially carried 
along by this last movement, and revolve for some time aronnd the disc Those 
winch revolve at the same time upon themselves consequently then present the 
curious spectacle of planets revolving at the same time on themselves and in 
their orbit. The movement of rotation of these masses ip, however, too slow, in 
relation to their diameter, to cause any sensible flattening. Finally, another 
very curious efiect is also manifested in these circumstances. Besides three or 
four largo spheres into which the ring resolves itself, there are almost always 
produced one or two very small ones, which may thus be compared to satellites. 

The experiment which we have just described, presents, as we see, an image 
in miniature of the formation of the planets, according to the hypothesis of 
Laplace, by the rupture of the cosmical rings attiibutable to the condensation 
of the solar atmosphere. 

SO. When some oil is introduced into a mixture containing a little excess of 
alcohol, a ]dieii(jjnenon is observable, "wliich is connected with that of tlie i«Gao- 
huioii of the ring into isolated spheres. If the oil be poured in with snfticient 
rap'dity it forms a long cylindrical train, extendiii;i; from the beak of the funnel 
to ibe bottom of the vessel, where the mass gatht-rs. Now, this kind of tail, 
vhich connects the mass of oil witli the beak of the funnel, remains as long as 
the oil which forms it has a sufficiently rapid movement of translation— that is 
to my, as Idng as wc continue to pour ; bnt, as soon as we cease to pour out^ 
ami liie movement of translation is slackened, the train of oil is instantly re* 
solved into sevefal isolated sphende?. 

21. The fornuition of a ring analogous to that of Saturn naturally inspires 
die desire to carry further the resemblaiiee to the system of that planet, and to 
Kek, whether, by some modification of our experiment, it would not be possible 
to contrive so that a sphere of oil should remain in the middle of the ring. Now, 
I have succeeded in prodncinp; tins cffeet, by ine nis of a process which I shall 
proceed to describe ; only that this experiment must be reL'aidedmcrclv a? n scien- 
liiic import, for the circumstances which giverise to the result haveevidently noanal- 
ogy with those whichcanhaveoocasionedtheeouiigurationoftheBystem of Saturn. 



'This 8ubstUatioD is accomplished by detailing the upper end of the axis of the first disc 
dttui tbo large wire a\ hich passes through the metallie stopper 8,) and screwing in its 
place iho end of the tuLla of tho now disc 
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It is first necessary to be able to give to the disc a consltlcrable velocity of 
rotation, 'ro do this, we ndnpt to tlie upper part of tlie vessel a system of two 
pulleys — one small, and iixed on to the prolongation of the axis of the disc at 
the place of the handle, which is taken away ; the other larger, and to the axis 
of vmich the eame handle Ib attached. In my ap[):irataB the diameters of the 
two pulleys are, respectively, 12 and 76 millimetres. In the second place, the 
diameter of tlie sphere being always nearly six centimetre?, that of the disc 
should be only two centimotrcf?. Lastly, tlie disc should not Jiave, as. in the 
preceeding experiments, its centre coinciding with that of the sphere, it should 
be placed lower, toward the inferior, part of the latter. 

Matters being thus arranged, the handle is tamed with a Telodty which ex> 
perience soon enables us to determine. In m} apparatnB this velocity ought to be 
about two turns and a hn'lf per second, whicli nearly corresponds to fifteen turns 
of the disc in the same time. We then see, in general, a ring rapidly formed, 
which extends itself, leaving in its centre a mass of oil, to whicli it remains 
united by a thin pellicle. At the instant when the ring has attaiued.a sufficient 
devdopmentt (and by habit alone can this be correctly leamedt) the rotation u 
suddenly stopped. The pellicle then breaks, the ring remains completely iso- 
lated, and the central mass forms into a sphere. We have thus, during- Fomc 
instants, a curious representation of the systr ni of .Saturn, except the flattening 
of the ring. The ring returns rapidly, afterwards, upon itself, and is again 
united to the central sphere. This experiment does not offer any great diffi- 
cnlties. It requires, however, some skill to snoeeed perfectly.* 

22. In describiog (§ 10) the experiment in m hiehthe flfltteninfr of the sphere n 
effected liy the immf diate action of the disc, 1 have remarked that the movement 
of the latter should not he continued too long, because the mass of oil then 
comes to lose its form. Inow, if we continue, nevertbtdess, to turn the handle, 
with a view to observe the results of this disfigurement, we see manifested new 
and very capricionseflfects. 

The sphere being well centred with relation to the digc, if we ^ve velocitiee 
of one turn in six, five or four seconds to the latter, we hrg-in, after f?o%Tn or 
eight turns, to sec the muss of oil elongate itself horizontally in one direction, 
taking a form which resembles much au ellipsoid of three axes ; and, what ia 
more smgular, this kind of ellipsoid is plaoed in an eccentric manner with rela- 
tion to the axia of rotation. Figore 4 repreBents, fo^ a velodtj of a turn fa 



Fig, 4. 




fonr seconds, the mass view- d from three differoit sides; that is to wy,hm 
above and in the two lateral directions nt' the pmallcst and of the largest bori- 
zontal axis : the dotttMl parts indicate the positions of iho disc and of the nx\'* of 
rotation. The aspect of the mass seen from above shows that it ia slightly bent iuone 
direction but this effect is evidendj owing to the resistance of the ambient liquid. 

When once the mass has taken this form, it preserves it indefinitely as long 
as the movement of the disc continnes j it oontinnes to revolve eccentricallj 



* Oa communicating this very experiment to the academy, in the sitting of April, 1842, 
(MB the BoUeUns.) I stated that it was necMssnr to vaxy the velocity of rotation. I haw 
aince found that, having adopted ^ convenient velocity, it vnw beet to loeep it mufbnn. 
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iDimd the latter, and iHA a r^odij maeh lam than that oit this disc. This 
inferior velocity, I Aj add, evidenlJy also proceeds from the vesistaiiee of the 
ambient liquid. * 

If a f^reater velocity is given to tbe disc without, however, pn^firi!:^ a certain 
limit — if, for cxainplo, ^\ v «;ive it one turn in three seccmds, the phcuoTn^'n i aro 
Btiii of the same ivirid; ouly the mass is more elongated, the flexure due to the 
lesUtance of the ambient liquid n more dedded* and the 
form Is more removed from an ellipsoid. Figure 5 repre- 
seuts the mass viewed on the sido» and showing to the eye 
its' irrratest len^h. 

it the velocity of the disc is increased to a turn in two 
seconds, the pheuomena become less constant and less 
legnhur. We diotdd sajr that there is* for this veloGitiry a 
transition from one order of phenomena to another, and that the mass hesitates 
between the two. 

In fnet, with a rolncity still a little g^Tcater, namely, about one turn in a second 
and a liult", tl;(? [ilji'iioiut iia Ijc^in af::;ain to be regular and coui^tantt but they are 
diiieient i ioiu lim iiiat. They are exhibited in iiU their beauty when the velocity 
is increased to a torn in a second. The mass then is at first deeply hollowed 
sroond the axis, as if the ring was on the ])oint of being developed; and it re- 
mains under this form of a circular bourrelet during sixteen to eighteen turns of 
the di-sc ; we then pee it elongate gradually according to a horizontal diameter, 
but no ln]ii;('r eccentrically, so that, ^^een from above, it prepent« an elliptic 
figm*e eomciimes very perfect, of which the didc occupied the centre, (iig. G.) 
This ellipse then lengthens more and more* rather rapidly, and begins to bend 

Fig. 6." Fig. 7. 







by the resistance of the ambient liquid, (fig. 7.) Lastly, on a sudden the mass 
becomes strongly inflected firom both sides, and its form „. g 

Been from abore is then as represented in fig. 8. The ^' 
mass afterwards preserves this last form in a perfecUjr 
fixed manner, as long as the movement of the dise con- 
tinues. ** 

23. However capricious these phenomena may appear, 
ebancc, or accid«ital causes, have still no part in them. 
I have repeated a great number of times the experiments detaOed above, and 
the eficcts have aways been identically the same for the same velocities. 

After liavin^^ «een the stable figures which the mn?s takes in these circum- 
stances, we caujiol help nialciug a. comparison between these figures and the 
elHpsoids of three axes of MM. Jacobi and Liouville, (§ 15,) — ellipsoids which 
are also tdways, as the latter of these ge^melridans has shown, figures of stable 
equilibrium. Would the identity of the phenomena in the case of universal 
gravitation and in that of molecular attraction bold good so far? Doubtless 
the siuf^nlar figures which we luive ju-t de^^cribed are not ellip'=oids ; but their 
ftf^pect admits of our attributing the dilTerence to the resistance of the umbient 
hquid, which on one side determines the ilexures of which we have spoken, 
And on tbe other maintains a permanent inequality of angular velocity betweoi 
tbe portions adjoining the disc and the more distant portions. Oalculation alone 
could inform us up to what point the above comparison Ij^ well founded ; tbe 
Pomplete solution of the problem, for the case of mrdecular attraction, would per- 
bapd not present difficulties so insurmountable as for that of universal attraction. 
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24. In all the ezperimento whfeli I have deeciibed in this memoir, I bave 

supposed that the oil and the alcoholic mixture were rcndAied chemically inert 
witli regard to each ofLor, and I Lave said (§ 6) that it wn? ca«y in a s^hort Fipfice 
of time to olitaiii two eucli liquids. I proceed HOW to detail the process by 
means of wliic h this object is attained. 

We begin by making a mixtui'O of alcohol and distilled water» eontaining a 
certain ezcesfi of alcohol, eo that when submitted to the trial of the teat tube 
(§ 8) it lets the small sphere of oil fall to the bottom rather rapicDv. After 
lijivinj;- formed the mixture in qnfintity more thnn Piifficicnt to fill the vopj'cI 
Avhicli is to serve for the expeiirnents, wc introduce into tliis ,^anio mixture a 
quantity of oil about double what is considered necessary for ihej*e experi- 
ments.* If a flask is not at hand largo enough to contain the whole, we divide 
the masses among several separate flasks : but care must then be taken that 
each one may fini rain the same proportions of water, alcohol, and oil. After 
thi:' wc invert th( s<- flaskf? ra[»idly a grcnt number of limef, Init without shaking 
them, until the oil hnfi been divirlod into sphernlr.-^ of the size of a piirs bear] ; 
the whole is then leit to rest. Then if the alcohol of the mixture is in proper 
quantity, the spherules ehould sink with exti'eme slowness, so as to take about 
a quarter of an hour for the greatt r part to collect at the bottom of the flanks. 
If it is otherwise, water or alcohol is to be added, as may be required; the con- 
tents to be mixed by inverting the flapk? several times, as above, then left 
njrnin to settlo, and the operation thus to be recommenced until the result is 
ubiaiued which 1 have described. When this point is obtained the whole is 
thrown upon filters, care being taken to cover the funnels containing these 
last with plates of glass. Thw precaution is necessary in order to prevent* 
m much as po^i^iblc the evaporation of the alcohol, and for another reason, of 
whicli we ?]iall sj>eak herenftcr. The alcoLolic liqnor pn«?ips the first through 
the H Iters, ordinarily carrying with il a certain uumber of very rainut(! spherules 
of oil. When the greater part has thus passed, the spiierules become more 
numerous. What still remains in the first filters, namely, the oO, and a residue 
of alcoholic liquor, is then thrown into a single filter placed on a new flask. 
This last filtration takes place much more slowly than the first, on account of 
the viscosity of the oil. It i? considerably accrlerated by renewing the filter 
once or twue during tin' 0])eration. If the fnnnel has been covered willi eutli- 
cieut caro the oil will collect into a single masjs at the bottom of the flask, under 
a layer of alcoholic liquor. 

The preceding operations have thus given us the following results : On tlie 
one hand, the inert alcoholic mixture, still holding a small excess of- alcohol, 
and containing a certain number of small s]>horule8 of oil ; on the other hand, 
the oil oqunlly inert, and covered with a litile of this same alcoholic liquid- 
>Jow, a fecund iiltratiun completely clears the first from the spherules which it 
holds. With respect to the oil, it is extracted from below the alcoholic layer 
by means of a small siphon, armed with a lateral tube, and received into a dry 
flask, which is to be perfectly corked. In this manner wc have the two liquids 
separate and inactive, with rofravd to each other. When it is desired to use 
them, if we perceive that the alcoholic liquid is a little too deuBC, we correct it 
with pure alcohol; and if, on the contrary, there is too little density, we correct 
it with ale<ihol at 16 degtees. In this latter case we must not use pure water, 
because this, when it mixes with the prepared aleoholic liquor, produces in it a 
cloud incf^? more or less decided. 

The various trials I have made relatively to the above proccs?, have led me 
to ascertain that the two liquid?, when they have not been pnbmitted to this 

preparation, are both modiiied by iheir mutual contact. The alcohoijc liquid 

' — — ' , ■ ■ , I • ■ 

* It is iiull-ipcnsahic to bave the two liquids thus in cxcrs'', on acronnt of the quantities 
which arc necessaiiiy lost during the difjt'ei'cnt operations winch we shall describe, and in tho 
piepsxation of the ezpedments. 
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diaiolvw some €ll» and tUs in its turn jitMblj disaobreB some alooboL It is 
wpeciaUy from the modifica^on which the oil ondergoes that its great dhninii- 
tioo ni relative density resalts, (| 6.) Now, when the oil thus modified remains 
exposed to the air, it passes a«^ain gradually to the state of (VphL oil, and resumes 
its former density. It in partly to avoid this that 1 have recommended the fun- 
nels which enclose the filters to be kept constantly covered, and the oil to be 
kept in a flask perfectly corked. As for the alcoholic m!xtnre» it is evident ihat 
tfuslast precaution is equally necesaaiy. 

25. Before I conclude, I must forewarn those peifOBB who may wish to repeat 
my experiments of two effects which sometimes occur, and which cause disturb- 
ance in the operations if the experimenter does not know the means of pre- 
venting or destroying them. 

When some oil It introdneed mto a nisctaf e eontainiDi; ao exeesB of alcohol* it 
happens sometimes that the mass which has sunk to the hottom of the ▼essel 
contracts adherence with this bottom and spreads itself out more or less on its 
surface. There is then no means of removing it entire ; but the spreading of 
the adhesion may be prevented by contriving that the bottom of the vessel 
should be occupied by a iu) cr ot a mixture more dense than the oil, (§ 9.) 

The second effect to which I allude is presented in the inverse case-^'that is 
to say, when the sphere of oil, instead of reaching the bottom of the vessel, riscfti 
on the contrary, to the surface of the alcoholic liquor, either because this liquor 
contains too little alcohol, or on account of a lowerin ? of temperature, or because 
we have not been able to use prepared oil. When this happens the mass flat- 
ten:} at iirBt, more or legs, at the tiurfaco of tho mixture, as u tliis laot opposed 
a resistance to it Then, after some time, it makes its way through, and then pre- 
aents a portion of plane snrfiuse, more or less extended, on the level wilh that of the 
alcoholic liquor. But what occasions trouble i^, that then, so to speak, it haa 
contracted an adhprence with this same surface, from which it is not detached 
without great ditHt 111 ly. It is, at first, easy to prevent the production of this 
effect by pouriug ou the surface of the liquor a small layer of pure alcohol ; and 
film same tteans will serve also to destroy the effect in question, if it is already 
produced. In this latter case we may again invert the vessel with caution. 
The movement thus impirted to the am!)ient liquor suffices, ordinarily, to detach 
the mass of oil, with the exc(^ption of a small portion, which almost always re- 
mains adhering to the surface. 

26. Lastly^ I have already mentioned the fact that, after a certain number of 
experiments, the oil becomes filled with small sphcamles of alcoholic liquor. 
Kow, reci|irocally, the ambient alcoholic liquor is also often sprinkled with a 
multitude of small spherules of oil. It is scarcely necessary to remark that, 
when all these spherules have become too numerous, ^d we desire to restore 
the liquids to their original transpaicucy, this is easily accomplished by titra- 
tions similar to those of which I have spoken above, (§ 2i.) 

27. We have been hitherto engaged with the Agues assumed by a liquid 
naas abstracted &om the action of gravity and submitted to the attraction ci 
its molecules, eirlirr when this ma-^i" at rest, or when a movement of rotation 
Mjpou itself is imparted to it. Notwithstanding^ the difference of the laws which 
the attractive forces follow in this case and in that of the large planetary masses, 
we have seen produced, on a small scale, a striking representation of the 
oujority of the phenomena of configuration relative to the celestial bodies. Id 
the second part of this investigation we shall submit our liquid masses to new 
forces, ami shall then see developed a series of phencnnena quite as emjous 

but of a uitlereut class. 



Hot E.— Professor Faiaday, who has repeated aiany of M. Plateau's remarkable and heaa^ 
tifitl experiments, coloured his oil [jrocn, for the purpose of rendering it more di.stinctly visiljle 
hi the spirit, by dissolving in it a littlo oxide of copper. This, he states, is easily done by 
kmiiig a little oil with the oxide, and then mingling that with ika sort. 

15 s 
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flIiCONII SEBI£S. 

ntEFACB. 

At flio pr-riod when attnckod hj the digea^e winch hm entirely dryr'-vrd me of sip:ht, I had 
terminated the greater part of the experiments relating to this series, us well as the followioc. 
M. Dapre^, corrmpondent of th« Bnunels Academy, and M. Donny, bftd likm Mndneaa to 
undertake those which wero still wanting. I oon^funtly directed their execution ; nearly all 
yirwe made ia my presence, and i followed ail the details. I have therotore considered 
nmelf justified, in order to simplifjr ifao descriptioii, in exprwring myself in flm oonrse of 
this invostipfntion if I had maao the experiment?. 

With respect to the theoretical portiou.s, I am indebted to the nMe tissijitance of one of my 
colleagues, M. Lamarle, who has most kindly devoted many long hours to listening to tM 
detail.s of my inve«!ttfrations, and to aidin<j^ nie in the explanation of several diffieuit points. 
I am ul<n iiirlobted to another of my cuiluugues, M. Muiderlier, for the execution i^t a part 
of the caleiihitions. 

May I bo permitted to express in this place my gratitude to these devoted friends? 
Thanks to their generous help, science is still an open field for me: notwithstanding the 
infirmity with which I am afflicted, I am able to poft m order die mateiialv I haro eollwtoj^ 
and ereiL to underteke fteeh reeeaiebee. 



Preliminary considerations and theoretical principles. General condition to 
he satisfied hy the free snrfhrr of a liquid mass witJidraton JrOM the actitm ^ 
gravity t and in a state o/ c^udibriMm, Liquid sjj/kere. 

1. The proceBS described in the prcvioua memoir enabled us to destroy &6 

action of {gravity upon a liquid ma?« of considcraljln volnnie, leaving the mass 
completely at liberty to assume the figure assigned to it by the other forces to 
which it is subject. This process consists essentially in introducing a mass of 
oil into a mixture of wat$r and alcohol, the density of which is OKactly equal 
to that of the oil employed. The mass then remains suspended in me snr- 
ronnding liquid, and behaves as if withdrawn from gravity. By this means we 
have ptwlied a periesi nf phonomena of confifpiration, depeiulent either pimply 
upon the pro])er molecular uttraetion of the luas.^. or upon the combination of 
this force with the centrifugal force. We shaii now abaudou the latter force, 
and introdttee anoth^ of a diflftmnt kind, the molmnlar attraction exerted he* 
tween liquids and solids; in other words, we shall cause the liquid mass to 
adhere to solid systems, and study the various forms assumed under these dit- 
cumstances by those portions of the surface which remain free. In this way 
we fhall liriV(» the curious sppctacle prcFented l)y the fi;:^nres of equilibrium ap- 
pertaining to a liquid matss, aboolutely devoid of gravity and adhercut to a 
given solid system. 

Bat the figures which we shall ohtain present another kind of interest. The 
free portions of their surface belong, as we shall show, to more extended figures, 
which may be conceived by the imag;ination, and which, in the Fame condition 
of total absence of gravity, would belong to a perfectly free lifjuid uiass ; thus 
our processes will partially realize the figures of equilibrium oi u ma^A of this 
kind. The latter are far firom being confined to the sphere; but among them 
the sphere nlotie is capable of being completely formed, the others presenting 
eith( r infinite dimensions in certain directions, or other peculiarities^which we 
shall })nint out, and which equally render their realization in the complete 
Btatt! impOfitjible. 

Moreover, the results at which we shall arrive will constitute so many new 
and unexpected confirmations of the theory of the pressures exerted by liqnids 
□pen themselves in virtue of the mutnal attraction of their molecules, a theory 

upon which the explanation of the plienoTncna of capillarity is based. 

Lastly, in our liquid ligures we shall discover remarkable properties* which 
nriil lead us to some important appUcatioBS. 
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2. In order to guide ub in oiir cxpcrimpnts, and also to rnable us to com- 
prehend tlieir bearing, we t^hall tirst consider the question in a ])urelY theoretic 

int of view. The action of gravity being eliminated and the liquid mass 
ing at rest, tlie onlj forces upon which the figure of cquilibriom will depend 
will be the molecular atkraetioa of tbe liquid for iteel^ and that exerted between 
the liquid and the BoUd syBtem to which we cause it to adhere. The action 
of tlio Litter force ceases at an exccs.sively minute dii^tjuice from the ^olid ; 
h 'Ti( (\ la rej^ard to any point of the surface of the liquid situated at a sensible 
disLimce from the solid, we have only to consider the lirst of the two above 
forces, «. the molecnlar attraetion of ih^Kqnid for Heolf. 

The general effect of the adhesive foree exerted between the liquid and the 
solid is to oblige the surface of the former to pass certain lines ; tor instance, 
if a liquid mass of suitable volume be caused to adhere to an elliptic plate, the 
furface of the mass will pass the elliptic outline of the plate. At every point 
of thlB surface, situated at a sensible distance Ibrom this margin, the molecular 
attiaetion of the liquid for ateelf alone Is in action. 

XjU na now examine into the fondamental condition which all points of the 
free surface of the mass must satiafy* in Tirtue of the latter force. 

The dc^tcrmiuation of this condtften and its analytical expression are com- 
prised in the beautiful th(!ories upon which the explanation of the phenomena 
of capillarity id based, although geumelricians have not t9|>ecially studied the 
pioblotn of uie figure of a liquid man Toid of gravity adherent to a given solid 
la^tcm. We ehall, tiberrfore, now resume the principles and the results of the 
theories in question, at least those which relate directly to our subject. 

3. Within the interior of a liquid maf3, at any notable distance from its sur- 
face, each molecule is cquidly attracted in every direction ; but this is not the 
case at or very near the surface. In fact, let us consider a molecule situated 
«t a distance from the surface less than the radius of the sphere of sensible 
activity of the molecular attraction, and let ns unagino this molecule to be die 
centre of a small sphere having this same radius. It is evident that one por- 
tion of this sphere bein^ outride the liquid, the central molecule is no longer 
equally attracted in every direction, and that a preponderating attraction is 
directed towards the interior of the mass. If we now imagine a rectilinear 
canal, the diameter of which is very minote, to exist in the liquid* eommeneing 
at some point of the surface in a direction perpendicular to the latter, and ex- 
tending to a depth equal to the above radius of activity, the molecules con- 
tained in this minute canal, in accordance with what we have stated, will be 
attracted towards the interior qf the mass, and the sum ofrall these actions will 
constitute a pressure in the same direction. Now, the intensity of this pressure 
depends upoa the curves of the snifooe at that point at which the minnte canal 
commenced. In fact, let us first sappose the surface to be concave, and let us 
pass n tangent plane through the point in quepition. All the molecules sitnat'^d 
exteruaily to this plane, and which are sufficiently near the minute canal for 
Uie latter to penetrate within their sphere of activity, will evidently attract the 
Ifaie of moleenles which it contams from the mterior towards the exterior of 
the nuuM. If, tlievefore, we suppressed that portion of the liquid sitoated ex* 
temally to the plane, the pressure exerted by the line would be aogmented. 
Hence it follows that the pressure corresponding to a concave snrfrtce is le^s 
than that which corresi)onds to a })lane surface, and we may conceive that it 
will be less in proportion as the concavity is more marked. 

If the floi&ee is convex, the pressure is, on the contrary, greater dian when 
the snrfaoe is plane. To render this evident, let us again draw a tangent plane 
it that point at which the line of molecules commences, and let us imagine for 
a moment that the ?paee included between the convex furface and tbi? plane is 
filled witli li(juid. Let us then consider a molecule. 7n, of this space ^ut^iriir'Titly • 
aear, and Irom this point let tail a perpendicular upon the minute cauul. i lie 

t 
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action of the molecule m upon the portion of the line compripod brtT^-rrn tho 
b.i'^r of the perpendicular and the surface will attract this portion towards the 
interior of the mass. If after wai'da we take a portion of the line equal to 
the former from the other side of the perpendicular, and commencing at the base 
«f th« latter, the aetion of the moleeawm npoik dris aeoond porlkmwOI be e^oal 
asd oppoaite to that which it exerted upon the first ; bo tliat thaae two portions 
conjointly would neither be attracted towards the interior nor the exterior of 
the mass ; if beyond these two same portions another pait of the line is com- 
prised within the sphere of activity of m, this part will evidently be attmcted 
towaidfl tibe extoior. The MnitiTi actfen of m npon the Hoe will then be ia 
the latter diraetion. Henee it feUowa that all the molecules of the epooe taat- 
prised between the surface and the tangv^nt piano which are aofficieiltlj near tb" 
linn to exert an eflectire action upon it, will attract it towards the oxtrnor of 
the mass. If, then, wv tiujiprcss this portion of the liquid bo as to reproduce 
the convex 8ur£a«e« the result will be an augmentation of the pressure on the 
of the line. Thaa the presanre eovreapottoing to a oonvex anrfaoe ia cieafeBf 
that oonraapondiiis to a plane siiifiwe« and its amount will ffnieaAf be 
greater in proportion aa the eonvexltj is more maticed. 

4. If the purface has a spherical cnrvatnre, it may bo demonatrated that, rep- 
resenting the pressure corresponding to a plane sur! u by P, the radius of the 
sphere to which the suriace belongs by r, smd by A a constant, the pressure 

^ aaerted hj a line of molecaleB, and redaoed to unity of tho •w&eet wffl Iwva 
fbUowin^ Take : 

r 

r being positive in the case of a convex* and negsdre in that of a conesfe 
aorface. 

"Whatever be the form of the surface, let imagine two spheres, the radii of 
which are those of greatest and least curvature at the point under consideration. 
It is evident that the pressure exerted by the line will he intermediate between 
those correspondmg to these two apheres, and calculation shows that it ia ex> 
actly their mean. Denotmg the two radii in qneation bj B and B'» the press* 
nre exerted hj the line, referred to the unity of aurfooOt would be 

The radii R and R' are positive when they belong to convex curves, or, iu oihet 
* terms, when th^aze directed to the intenor of the maaa ; whilat th^ are negir 
tive when they belong to concave curvea* i. when they aie directed towaioi 
the exterior. 

5. From the preceding details we can now easily deduce the conditioa <tf 
equilibrium relative to the free surface of the mass. 

The pressures exerted by the lines of molecules whicli commence at the dif- 
{Suront points of the aurfiKse are tranamitted to tiie whole .maaa ; conaequently, 
for the existence of equilibrium in the hitter, all the uieainzea muat be equal te 
each other. In fact, let us unagine a miniite canal running perpendicularly 
firom som*^ poin* of the surface, and subsequently becoming recurved so as to 
terminate ^* i p ridicularly at a ^^t t ^nd point of this same surface, it is evident 
that equilibrium can only exist in this miuute eajial when the pressures exertei 
by the lines which occupy its two extremitioB are equal ; aaid if thia equalitf 
exists, equilibrinm will necessaiily exiat also. Now, the pressures exerted by 
the different lines depend upon the curves of the surface at the point at which 
they commence ; these curves must therefore be such, at the various points of 
the frf?c surface of the mass, as to determine everywhere the same pressure. 

Buch is the condition which it was our object to arrive at, and to whidb iu 
caA caae tjie fiea auiftee of the taaaa auiit m aolgeat 
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The analytical expression of this eonditioQ is directly deducible from th« 
general value of tlie praunire given in the preceding paia^aph; we onjjr reqnum 
IQ eqnaliae this value to a constant, and, as the ^oantitieB^ mid A are tnem- 
•elres constant, it ia in fiiet tnfficient to make 

14.1=0, (3.) 

the quantity C being constant for tho same fin:nrc of ('([uilibrium. 

This equation is the same as those which are f?iven by j^^ umctricians for ca- 
pillary surfaces, when, in the latter eq^uations, the quantity representing gravity 
18 supposed to bo 0. « 

& and B' be jeplaced by their analytical Talnes; we are thus led to a 
complicated dil^ential equation, which only appears susceptible of integration 
in particular cashes. Yet the equation (3) will be uHoful to u.^ in the above pim- 
ple form. Now we know that the normal plane bcctious which eorrc^poud to 
the greatest and the least curvature at the same point of any suiiuce form a 
right angle with each other. Geometrieians hare shown, moreover, that if 
tay two other xeetangnlar planes be made to pass thiongb the aame noiual, 
the radii of cnrvatni^ p «nd p', oonreiponding to the two seetionB thns deter- 

iiuaed, will be such that the quantity — -\- will be equal to the quantity 

^ 4- g^. Hence the first of these two quantities may be snbstitnted for the 

second; and, consequently, the equation of equilibrium, in its most general 
expression, will be 

- + --0, (4.) 

P P 

m which equation p and p' denote the radii of curvature of any two rectangular 
bections passing through the same normal. 

6. These geometric properties lead to another Bignifioation of the equation 
(4.) We know that unity divided by the radius of eurvatuie cone ,<ponding to 
any point of a curve is the measure of the cnrvatore at this point The quantity 

i -i- i represents, then, the sum of the curvatures of two normal rectangular 

•eetions at the point of the surface under consideration. This being admitted, 
if we imng:!iH' tbnt the system of the two planes occu|)ies successively 
different positiuu:: ui turning around the same normal, a sum of curvatures 

1 -I- A, 1 + 1-, J- 4- 1, &c., will correspond to each of these positions j 

p p' n" p'" p*^ p"^ 

acd, according to the property noticed iu the preceding paragraph, all these . 
sums will have the same value. Consequently, if we add them together, 
and let n denote the number of positions of the system of the two planes, 
(he total sum will be equal to » times the value of one of the pBrtiaf sums, 

or to » (— + A\ Now, this total sum is that of all the curvatuies 

V/> p f 



^> -T^f in number Sn, corresponding to aU the sections determined 

f // p"* 

by the two planes. If, then, we divide the above equivalent quantity by 2», ' 

the result - (- -f — , ^ ^i^l repreaent the mean of all these curvatures. Now^ 

2\/> p' / 

as this result is independent of the value of », or of the number of positions 
oeeupied by the system of the two planes, it will be equally true If we suppose 
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this number to be infinitely gnat, or. In other w<nrds. If the eaooenive poBillm 
of the Bystem of the two planes are infinitely approximated, and consequently 

if this same system turns around the normal in such a manner as to determine 
all the curvatures which belong to the aurlaco around the point in question. 

The quantity ^ -i- repiefients, then, the mean of all the earvatofes of 

the surface at the same point, or the mean curvature at this point. Now if, in 

1 1 

passing from one point of the am&ee to anothert the qiuuitity "^"^ 

the same yalue, t. if for the whole surface we have ^+ — = 0, this sir- 

fece is such that its mean cni-vntnre is conFtfiiit. 

Considered in this purely in;uhematical point of view, the equation (4) has 
formed the object of the researches of several geometricians, and we tthali profit 
by these researches in the subsequent parts of this memoir. 

Thus our liquid sur&ces should satisfy this condition, that the mean eurre 
must be the same evevywhere. We ean understand that If this ocenfis, the 
mean effect of tlie curvatures at each point upon the pressure corresponding to 
tills point al>o r( mains th*' ^same, and that this gives rise to equilibrium. Hence 
we uuw see more cicarlj die uatmc of the surtiaces we shall have to consider, 
and w^ they constitute surfaces of equilibrium. 

6**. We must now call attention to an immediate consequence of the theo* 
retical principles which have led us to the general condition of equilibrium. 
Accordinpj to tlio.^e principles, each of the lines of molecules exerting; upon the 
mns> tint- presban-s upon which its fni-m depends, conmicnee.s at the surface and 
termiuaLcs at a depth equal to the r<ulius of the sensible activity of the mole- 
■ cular attiaetion, so that these lines eollectiTdy constitute a superficial layer, 
the thickness of which is equal. to the radius itself, and we know that this is 
of extreme miuutcuess. It results from this that the formative forces exerted 
by the liquid upon itself craanate solely from an c5:ceHsiv(!lv thiu superficial 
layer. We shall denominate this consequence tJic ^riTicipie of Uie 9U^Ji4^ 

7. A spherical surfeoe evidently satisfies die condition of equilibrium, because 

all the curvatuics in it are the same at each point; also when our mass is pep> 

fectly free, i. e., when it is not adherent to any solid which obliges its surfjice 
, to ^s^«nme ^^cnno ottier curve, it in fact takes the form of the sphere, as shown 
in the preceding memoir. 

8. Before proceeding iurther, we ought to elucidate one point of great im- 
portance in regard to the experimental part of our investieatloDB. ^e Uqnid 
nia>s in our experiments ^ immersecl in another ]i(|u id, the question may 
be asked whether the molecular actions exerted by the latter exert no influence 
upon the figure produced; or. in other words, whether the fi^ire of equilibritim 
of a liquid mass adherent to a solid system, and withdrawn from iim actiou 
of gravity by its immersion in another liquid of the same density as itself, is 
exactly the samo as if the mass adherent to the solid syst^ were really de- 
prived of gravity and ^vere placed in vacua. Now, we shall show that this 
really is the cape. The mtdcfular actions rrsnltinc: from the presence of the 
surrounding liquid ai-e of two kindn, viz., those rc.-iilting- from the attraction of 
this liquid for itself, and those resulting from ihe mutual attraction of the two 
liquids. Let us iirst consider the former, imagining for an instant that the 
others do not exist. The surrounding liquid being applied to the free suifsee 
of the immersed mass, the former presents in intaglio the same figure as the 
latter m iss presents in relief. Tho?e molecules of this s-une li(jnid which are 
near the common surfiEice of the two media must then exert prussures of the same 
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nature as those which we liaye QonmcUired throughout the preceding detaila< 

towards tlio interior of the liquid to wliich tlicy b( lon<», and these pressures 
must coiiHequ''iitl} nl.^-o impart a fi!;ur'- "t' fMjuilibriuiii to lliu suriacc in ififag/io ; 
60 that 11 the immerbed mafjii ut' iUcli had uo tendency to assume auy oue ligure 
rather thao anotli€r» the sorrotmding liquid would give it a determinate one, br 
€om|)elliQg it to mould itself in the above hollow figure. This is why a bubble 
of air in a liquid assumes the globular form, solely iu consequence of the pres- 
sun s ' xertea by the liquid upon it. Now let lis suppose that the imnK^rsed 
ma^is has a.^suixicd tliat fi^uriMvhich it would accjuiiG in vacuo if really di prived 
of gravity j the auulyticai coiiditiuu of paragraph (j would iheu he buli&tied as 
regards this masa. Now at each point or the common rarfaco of the two media, 
the radii of cnrratiire p and p' have the same absolute values, both iu the case 
of the immersed mass and of the hollow figure of the surrounding liquid* except 
that their signs are contrary, according as they are considered as referring to 
oue or the other of the two liquids. To pass from oue of the two figures to 
the other, we need therefore only change the signs p and /j', or, what comes to 
the same thing, chtuge the sign of the constant 0. Changing the sign does 
not destroy the concUtion of equilibiium ; and couseqnentl^, if the immefsed 
mass is in equilibrium as regards its own molecular attraetious, the same will 
hold good in the cai»e of the hol!o\V lij;ure of the 8urrouiidii)«r liquid. Tlie 
pressures of the latter liquid caimot, therefore, by themticives produce any 
modification in the figm'c of equilibrium of the immersed mass. 

Let us now Introduce the second kind of molecular actions, «. e., the matnal 
atfcnuction of the two liquidfl, and see what will be its ejOfects. Let us imagine, 
for au instant, that tlu^ immrrsrd mass, or, for the sake of fixin^x the ideaf. the 
mass of oil in our experimeat.s is replaced by the sami' kind of iit|iiid a.s that 
which surrounds it, i, c, by the alcoholic mixture, lu other words, supposing 
the vessel to contain only the alcoholic mixture and the solid system, let us 
hmit, in the imagination, a portion within the liquid of the same figure and 
dimensions, and situated in the same manner as the preceding mass of oil. It 
is then elear tliat the molecules of the maps near its surfaeo brin-;, like those 
of the interior, completely surrounded by the same kind of liquid beyoiul their 
sphere of activity, these molecules will no longer exert any |»re88ure upon the 
mass ; consequlbntly, the pressures which wocud exist if this mass could be 
isolated must be considered as destroyed by the attractions emanating firom 
the surrounding liquid. The latter forces are» therefore, all c(^ual and opposite 
to the pressures in question. Now, as these arc all equal to each other iu ac- 
cordance with the figure which we hav(; aitrihutcd to the iniap'nary surface of 
the mass, the attractions emanating from the surrounding liquid will also all be 
equal to each other. If we now replace the mass of oil, the attractions emanating 
from the surrounding liquid may certainly alter in absolute value, but it is evi- • 
dent that they will retain their directionSt and that the^ will remain equal to 
each otiicr. We therefore see that they will only diminish, by the same quan- 
tity, all the pressures exerted by the mass of oil upon itself j eon-^equently, as 
all the differences remain equal to each other, the condition of equiabrium will 
still be satisfied as r^ards that mass. It is evident that the same mode of 
reasoning may be appfied to the pressures exerted by the surrounding liquid 
upon itself — pressures which will retain their directions, all of which will only 
he diminished to the same extent by the attractions emanating from the oil, so 
tliat the (.•ouiliiion of cqiiilibiiinn w ill still be satisfied as regards the hollow 
figure of the surrounding liquid. Thus the whole of the molecnlar actions due 
to the presence of the surrounding liquid will not tend in any way to modi^ 
the figure of equilibtinm of the immersed mass, whidi figure will, consequent^, 
be identically the same as if that mass were really void of gi-avity aud were 
placed ta vacuo* We can« therefore, leave the surrounding liquid complete!/ 
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out of the question, its sole function being to neutivUiae the action of gravity 
upon the mass forming the object of the experiments. 

9. Wc shall now pass to the experimental part. And first, to avoid useless 
lepetition, w« shall tay a few worafl relative to the apparatas to he used. Ab 
the liquid always consists of a nutifl of oil immersed in an alcoholic mlxtaie of 
the «ftme denr^ity itr^elf, our solid Fv-teniP will all consist of iron, and this for 
the folio win n; reasons : In ordinary circumstances oil contracts, T helicvc, per- 
fect adhesiuu with all Boljlds j hut this is not exactly the case when the same 
oil is plunged into ft miztnre of water and alcohol ; for then, in the ease of eer- 
tain solids, as, e.g., glass, the phenomena of adherfon sometimes undergo modi- 
fications which give rise to trouhle in the experiments. We shall meet with 
an inj5trmce of this in the f^nbsequent parts of tliif^ memoir. Now, the metals 
do not present this inconvenience ; moreover, the form which we have given to 
most of our solid systems would render their construction of any other sub- 
stance besides a metal difficult. Now, among metals we prefttr iron, not copper, 
because oil removes nothing finom iron, whilst br prolonged eontaet widi copper 
it slightly attacks it, acquires a green color, and incieaaes ill densitj* whieii is 
a great inconvenience.* 

When we wish to use one of these solid systems of iron, before introdticing 
it into the vessel, it must be completely moistened with oil ; and for this pur- 
pose It is not suffident simplj to immerse it in this Uquid, but it must be earn- 
fully rubbed with the finger. The presence of this coating facilitates tiM 
adherence of the liquid mass. 

We shall continue to mnke use of the vessel with plane walls, described in 
the preceding memoir, § 8;t a common-shaped bottle, and the flafk previouBly 
mentioned 6 and 8) in the same memoir, arc not well adapted, because they ■ 
do not ezhitit the true figure of the mass. 

When the solid system is composed of a single piece, it is supported hj a 
vertical iron wire, which is screwed to the lower end of the axis traversing the 
metallic stopper; but for certain experiments the solid system is formed of two 
isolated parts, and then only one of them is attached to the axis, as 1 have 
stated ; the other is supported by small feet which rest upon the bottom of the 
vesseL It need not be mentioiied that tiiose liquids only which are prepared 
in such a manner as to be incapable of exerting any chemical action upon each 
other can be employed, (§§6 and 24 of the preceding memoir.) 

In addition to the little funnel for introducing the mass of oil into the vessel, 
the iron wire which serves for uniting the if^olated ppliercB, &:c., of which I have 
spoken in the preceding memoir, the experiments require some other accessory 
instruments, as, in the first place, a small ghiss j l utgc, the point of which Is 
elongated and elighlly bent It is used as a sucking-pump, to remove, fbr In- 



* In a letter which Dr. Faraday did me tlie honor of sending to roe, rrp^ardinfr the pre- 
ceding memoir, lie iuioruitxl uie that, when about to repeat my experimenu bul'oie a uuiuerotis 
atidicnce, wishing to prodnce a still greater difference in the aspect of the two liqoidb^ he 
Missolved intentionally u little oxide tA' copper in thp oH, so as to render the latter of a green 
color. The compound having thuti becu made btlorebaud, and rendered perfectly homoffe- 
txcom, lu .d the alcoholic mixtiura having been regulated according to the dcnirfty of the mini- 
fied oil, the prpfrnce of the cnpp<»r hi scilntion coii!il not produce any inconvenience , but ia 
this case also the ^.oVui systems HhunlU unquestionably be made of iron. 

t lu making the experiments rela:ing to the present memoir, I found that it was reqnisitd 
slightly to imnlify the appuratuj? iu question. The second perforation in the jitatc fonnin^ 
the lid uf tLc vctscl should be but hUlo smaller than the ceutral aperture; its neck should bo 
lees ele^-ated ; and, lastly, it t^ibonld be placed near the other ; if left as previously described 
and ti^nired, the employment of tho accessory iuslrnuieuts wliieb we sball describe wouUi l>o 
impo^iiible. Moreover, the neck of Ibe central aperture should be furuished with a slight 
rim, so that it may bo easily taken hold of when we wish to remove tho lid, aa,«>|r*, wbeii it 
is requir'id to attach a solid system which is too large to pass throufjli this same nperf n rc 'o 
the axis which traverses tho stopper. Lastly, the vessel e»houid be iuxui^hod wuh a stop 
oock at its lowsr part, M that it maj be eat^ emptied. 
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stance, a portion of tho oil composing the liquid mass, when it is roqnircd to 
diminish tlie vohime of the latter, or to witbdrn w the entire masssi of oil from the 
vfP?^el, an operation which is Bometitnos rt qniird, &c. In the second place, two 
wooden Bpatulaa, one being slightly bent, the other straight, covered with fine 
Unen or cottoii stuff. Wben these Bpatnlas are Inferodaora into the Tesael, and 
the doth with which they are ftmushed is thoroughly impregnated with Ae 
alodiolic liquid, the mass of oil does not adhere to them* Ucnc-c, by mesns of 
one or the other of thcf^o Fpatiilas, the mass cnn be moved in the ?Tirroundin» 
liquui, niid eoiidiicted to the phice which it is required to orcu[)y in the interior 
oi the vetitiel without any of it remaining upon the spatula. This is the pur- 
pose for which these InBtrumeatB are intended. Aner they have been need, 
ene most always be taken to agitate them in pure alcohol before allowing 
tlMUli to dry. If this precaution be omitted, the alcoholic mixture with which 
they are iniproj^natod, on evaporating^, would leave the small quantity of oil 
whicli it held in solution upon tlx-ir surface ; and when the Fame instruments 
are used again, tlic masa of oil would adhere to it. In tht^ third place, au iron 
spattda, the nsea of which we shall point ont in the prope r plaoe. Lastly, as it 
is necessary, in all the experlmenta which we shall relate, that the alcoholic 
liquid should be homogcueous. the process indicated in the preceding memoir 
f§ y '>) cannot be nsed to prevent the mass of oil from heroTnin^ orcasionally 
adlicn lit to the bottom of the vessel ; l)ut the same result is obtained by cover- 
ing the bottom with a square piece of lineu. 

New eao p e r t m mia m tupport of the theoretieal prmd/ples brought forward m Cu 
pre< ' / / IT observations. Pigitta of equilibrium termkkaUd oy mrfucu rf 
spkerical atriwtitre. New-jfrmciple rdating to layera ef UguiSt, 

10. The &cts which we shall finit describe may be considered as constituting 
the experimental demonstration of the principle of the superficial layer, {§ 6, bis,) 
Let U3 imagine any solid ey-t in to be immersed in tlie li(|uid mas.«, and let ue 
give to tliif- ma?f ?nch a V(*lanic that it may conftitute a sjilicre wliich com- 
pletely envelops the bolid sybtem without the latter reaching the surface at any 
point Then, if the above principle be true, the presence of the aalid system 
will exert no influence npon the figure of equilibrium, because, mider these 
circumstances, the superficial layer, from which the configuring actions emanate, 
remains perfecHy free; whilst if these actions emanated from all points of the 
ma^Hs, any nusvinmctrical modification occurring in the internal parts of the 
latter would necessarily produce one in the external form. This is confirmed 
by experiment. The condition of a solid system completely enveloped bv the . 
mass of oil would be somewhat difficult to realise ; but it must he remembered 
that, in the experiments relating to the preceding memoir, the system of the disk, 
by means of which the mass was made to revolve, was very nearly in this con- 
dition, becaurie it did not reach the eiterual tiuface of the mass excepting at 
the two very small spaces which gave passage to its axis. But wc then saw 
(§ 9 of the preceding memoir) that when the mass was at rest, its sphericity 
waa onl^ very slightly alte^ by the presence of this system. The theoretical 
condition may be more nearly approaclu d by taking a very fine metallic wire 
for the axis of this same system ; in this case the alteration in form is (juite 
imperceptible. The axis being supposed to be vertical, the disk may, moreover, 
be placed so that its centre coincidtos with that of the mass of oil, or is situated 
above or below the latter without producing any differenoe. I shall relate 
another fact of an analogous nature. In the course of the experiments, it some- 
times happens that portions of the alcoholic liquid become imprisoned in the 
interior of the mass of oil, forming so many isolated sphere?. Now, however 
thcfie }'phei'cs may be situated in the interior of tho mass, not the least alteration 
is produced in the figure of the latter. 
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11. Agaiu, let us cause some kind of solid system to penetrate the liquid 
mass; but now let the mass be of too small a volume to be cap.iMe of com- 
pletely enveloping this Bystem. The latter will then necessarily reach the 
superficial layer; and, if the principle in queetkm be tne, tha figore of the 
liquid mass will be modified, or, in other words, will cease to remain spherical 
ThiK does really occur, an we miirht have expected; the liquid mass becomes 
extended at those portions of the solid system which project externally from 
ito surface ; it finally cither occupies the whole of these portions, or only' a part 
of iheir extent, according to the form and the dimensions of the solid syatcm, 
and thus assumes a new figure of eqnilibrinm. We shall meet with ezamvlee 
of this hereafter, (§§ 14. h% 17.) • 

12. Instead of causing the solid system to penetrate the interior of the liquid 
mass, let it simply be placed in contact with the external surface of the latter. 
An action being then established at a point of the superficial layer, equilibrium 
m ust be destroyed, and the figure of the liquid mass ought again to be modified. 
This really occurs ; the mass becomes extended upon the sui&ce ptesented to 
it, and consequently acquires a different shape. ThiB result might also htcn 
b(cn anticipated from what occurs under ordinary circumstances, when a drop 
of water is placed upon a previously moistened solid surface. One mi^ht be 
induced to believe that, as regards the aciual result, this case is referable to . 
that of tho preceding paragraph or that in paragraph 10 ; for it appears that 
the liquid mass, becoming ext. ikL d upon the solid system so as to obtain the 

• new finrnre of equilibrium, should ultimately occupy or envelop this system in 
the sam<' maimer as if the latter had been made to penetrate its interior directly. 
Under certain circumstances this must occur; hut the experiments Avhich are 
about to be related will show that under other circumsUmces the result is 
totally different. ^ 

13. Let us take for the solid system a thin circular plate,* attached by its 
centre to the iron wue which supports it, (Fig. 1,) and let us proikuoe the 




adhesion of its lower surface to the upper part of the mass of oil.t Directly 
contact is completely established, the oil extends rapidly over the surface pre- 



• The diameter of that which I have used is 4 centimetres. I mention thia diameter ft»r , 
the sake of being definito. It is cvidont that in our experiments tho dimensions of the appa- 
ratus aro completely arbitraiy, except that if these dimensionK exceed certain limits, the 
operations will become embarrassing in consequence of the large quantities of liquid wUch 

would be required. 

t iu order that this operation may be effected with facility, the sphere of oil must fint i 
reraahi In the snrronnding liquid heneath tibe eentraf spertoro in 'the lia ; the plate being iSbm ] 

introduced into tlie vessel, wo have merely to lower it by uieans of the axis traversing the j 
stopper to bring it towards the liquid mass. If the latter does uotoceimj the position in ' 
question, it most bo proviouslj plMed there by means of a spatula coTerea with Imcn, U.) 
It must 1)0 remarked hero, that tnie coutact bctwci'n tlio jtlate uiul the sphere of oil dues not 
osaally ensue immediately ; a certain resistance has to be overcome, aunloffous to that treated 
of in the note to jNuragraph 4 <rf the preoedin|f memohr; but to overcofte this, tho Uqpitf 
sphere need only uo gently moved by means of the plate. Tlic slipbt iMtattiBg pUHUn 
soon causes the rupture of tho obstacle and the prodacoon of adhuttion. 
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MBted to H; Imt, what is nmaikable, altlumgli the preeantion has been taken 

of nibbing the whole of the system, (§ 9,) that ia» the two faces of the plate as 
well as itrf rim, witli oil, the oil termiiiales abruptly at this rim without paj*siug 
to tli(! other side of th<* plate, and thus presonts a sudden interruption in the 
curvatm-e of its surface. In the case in question, the new figure acquired by. 
the mass la a portion of a sphere. This portion will be.as much larger in pro- 
portion to the complete sphere as the volume of oil is greater ; hat the onrvatore 
wiOi alwajrs tennfaiate abruptly at the margin of the plate. (See Fig. 2, which 
roproscnts a section of the Bolid Bvstem and the adherent mass in the case of 
three difi'erent voluracs of the latter.) 

The cause of this singular interruption of continuity is readily understood. 
The xim of the pkte reaching to die superficial layert it is natnral that ■some* 
thing peeoliar should occur along this margin, and that the continuity of form 
ehoma cease at that point where a foreign attractive aetidte is exerted without 
transition on the siipL'rficial layer. 

14. Let us again make use of the above plate; but instead of presenting one 
of its faces to the exterior of the sphere of oil, let us insert the plate edgewise 
hito the interior of this sphefs.* The liquid will necessarUv extend ever both 
faces of the solid ; and if the diameter of the primitive sphere were less than 
that of the plate, the oil will bo seen to form two spherical segments upon the 
two faces in question, the curvatures of which will still terminate abrnj)tly at 
the margin o4' the plate. These two segment.s may be cither equal or unequal, 
according as the edge of the plate has been introduced into the liquid sphere in 
sfieh a manner that the plane of the plate passes through the centre of the 
sphere or not. The npper segment iHlI be slighlly deformed' by the action of 
the suspending wire ; but this effect will be less sensible in proportion to the 
thinness of the wire in question. Fig. 3 represents the result of the experiment 
with two unequal segments. The discontinuity of the curvatures is a very 
general iiict, which we shall frequently find to ^ recur in the course of our 
experiments; it will hereafter lead us to very important oonsequenoes. 



/^.J. JV-^* 




15. I have repeated the same experiment, suLstituting'a plate of an elliptic 
fimn for the circular plate. In this, as in the preceding case, the oil extends 
over both faces of the solid, so as entirely to cover them; and, if the volume of 



* This oneitttion is peifoiined as follows: The stopper to which the system of the plate is 
Attaebed is Kept at sdmo dintauce above the neck of tno ccntrnl n])crturc, in such a manner, 
howe\or, that the lattor i-^ iinauTsoil to a sufficient depth in the alcoholic mixture. The 
pluto can then be moved with tolerable freedom, and it is conducted towards the liquid 
mass For this purpose the latter oo^ht previously to occupy a soitablo position. Imme- 
diatcly the liquid nin^s is cut, the plate is kept still until the action is terminated, after 
which the .stoj»;)c r is carefully placed in the neck. A process the reverse to the preceding 
noayalao be made use of. The liquid moss is Hrst made to occuiiv a position near tlio second 
torture, and a sufficient distance from the axis which passes throuj^h the centre of the cen- 
tral ttpertuie; then, having tixed the solid system tirmly in the position which it is to occupy, 
more the liquid mass towarda it, and wbm this has been cut, allow the action to continue 
aninterruptcdiy. These processes are also employed in other experiments, and it is enough 
to have pomted them out once. In some cases the second is the only practicable one. Tfiis 
Bsy be easily decided upon in maUng ths ezpeiimenli. 
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the liquid maBB h not too great, the curvaturr? n^sln terminate abruptly aloii|^ 
the rim. of the plate. By gradually augmenting the volume of the [u imitive 
sphere of oil, without, however, readering it auffici^tly large to allow of the 
masB completely enTeloping the plato io M to tMn. the apliiilefll Ibini, « Bmit 
\fi flttunecfat which the edge of ihe pUte oeaiseB to leach the superfiekil layer 
of the new figure of equiUbrium except at the two summits of the ellipse. The 
discontinuity in the curvatures then only occurs at these two pln( < r?. Figs. 4 
and 5 exhibit the result of the experiment in this case. In Jb^ig. 4 the long axis 
of the ellipse is presented to view, in 1 ig. 6 its short axis. 

16. All the facts which we have hitherto detailed show that so long as the 
interior of the mass is mndified its external %hasfe undergoes no alteration ; but 
that directly the superficial layer is acted npoii, the • mass acquhres a difi^^t 
form. To complete the proof, by experiment alone, that the confignring^ actions 
exerted by the liquid upon it.self emanate solely from the Huperficial layer, the 
only point would then be the possibility of reducing a iicj^uid mass to its super- 
fieial layer, or at least to a thiii pelBcK and to see if in this state it would 
assume the same figure of equilibrium as a complete mass. Now this is com* 
pletely realized in soap-bubbles ; for these babbles, when detached from dia 
tube in which they have been ra?tde, assume, as is well known, a spherical form, 
f. e,, the same figure as lliot which we Hnd a complete mass acquires in our 
apparatus when withdrawn irom the action of gravity and perfectly free. 
Woen the mass adheres to a solid system, which modifies its figure, it is etew 
that the eolxre eonfigmatiTe action is composed of two parts, one of whinili 
belongs to the solid system; and we find that this system only exerts it when 
acting upon the superficial layer; the other belongs to the liquid, and emanates 
directly from the free portion of this same superficial layer. The facts which 
we have related show cleaily what is the seat of this second part of the whole 
ooafigurotiTe action* bat ihiey do not make as acqoainted with the natore of 
the forces of which it consiBts. On refening to theory, we find that these forces 
consist in pressures exerted upon the mass by all the elements of the superficial 
layer, pressures the intensity of which depend upon the curvatures of the surface 
at the points to which they correspond, lleuce it follows that the mass is 
pressed upon by every part of ita superficial layer, with an intensity depending 
m the same manner npon the corvatares of the saifkee. For instance, a mass 
the free surface of which presents a convex spherical curvature, will be pressed 
upon by the whole of the superficial layer belonging to this free surface, with a 
greater intensity than if this Biirface had been plane ; and this intensity will be 
more considerable in proportion as the cun'ature is greater, or as the radius of 
the sphere to which iho suiiace belongps is less. Let us see whether cA.pcriuieiit 
will lead as to the same condasions. 

17. The solid system which we shall employ is a cireolar perforated plate» 
(Fig. G.) li is placed vertically, and attached by a point of its circumference 
to the iron wire which sup])(>rts it. Let the diameter of the sphere of oil be less 
than that of the plate, and let the latter be made to penetrate the ma.6b by its 
edge in a direction which does not pass through the centre of the sphere. At 
fiiiM» as in the e^^eriment at paragraph 14, the oil will form two oneqoal 
spherical segments ; bat matters do not remain in tills State. The most conyex 
segment is seen to diminish gradually in volume, consequently in curvature, 
whilst the other increases, until they have both become exactly equal. One 
part of the oil then passes through the aperture in the plate, so as to be trane- 
fecred from one of the segments towards the other, until the ^ovc eqtuility is 
attained. 

Let us now OTamine into the consequences deducible from this experiment, 

judging from the preceding ones, and independently of all theoretical considera- 
tions. When the oil has once become extended over both surfaces of the jilate, 
in each a manner that the superficial layer is applied to oveiy pait of the 
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maigin of the latter, the aotkm of tiie solid system is completed ; and the move- 
ments which subsequently ensue in the liquid m-w, to rittain the fig-ure of 
equilibrium, can only then be due to an action emanating from thf» free part of 
the superficial layer. It is, therefore, the latter which compels the liquid to pass 
through the apertve in the plate ; and the phenomai<m must necessarily result 
either ficom a preMOxe exerted hj that oortloii ef the snperfiinal layer irhkA 
belongB to*the meet convex segment, or hj a traction proaneed by the portion 
of this same layer bolonq'in^ to the other pcgm^rtt. Our experiment uot being 
alone capable ot (IrTeniiiniug our clioice between these two methods of explaining 
the effect in question, let us provisioualiy adopt the first, i. e., that which attributes 
it to pressiira. In our ezperiaMnti Uiii preflsnre emanates firom the superficial 
limr of the moet onired eegmeat ; but it hi easy to see that the superficial layer 
of 'tibe oihor segment also exerts a pressure whieht alonOi is less than the pre- 
oeding. In fact, if for the most curved segment a segment less curved than the * 
other were substituted, the oil would then be driven in the opposite direction. 
Hence it follows that the entire superficial layer of the mass exerts a pressure 
npcm the liquid whieh it endoses* usd thsife themtenstty of this piessue depends ' 

rn the cnrratines of the free soiftee. Moraorer, as the liquid proceeds fnm 
most eured segment to thai which is least so» H is evident that in the ease 
of a convex surface, the enrvature of which is spherical, the pressure is f^eater 
in proportion as the curvature is more marked, or as the rndinn of r]i<> f^phfr^ to 
which the surface belongs is amaiier. Lastly, since a jpiauu auriace may be 
ooaeideved as belonging to a sphere, Ibe ndins of which is infinitely great, it is 
evident that the pressure corresponding to a convex surface, the curvature of 
which is ephericaJ, is snpeiw to that whkh would corrcBpond to a plane surface. 
All these results were announced by theory. They perfectly verify, then, that 
part of the latter to which they refer, and this concordance ought now to decide 
in favor of the hypothesis of .pressure. This same part of the theory was already 
verified, in its appUesthm to liquids snfamitted to the actkm of graYity, by dts 
phenomenon of the depiessioii piessBted by liquids in capillary ttdtes, the walls 
of which they do not moisten ; but the series of our experimrats, setting out 
with the elements of the theory, and following it step by step, yields far more 
direct and compli t(> verification. Our last experiment leads us to still further 
conseq^uences. The liquid passing iiom one of itii segments to the other, so 
hag as theSr corvntarea have not beeome identieal* and the pressures corr^ 
spending to the two portions of the snperfioial layer becoming equal to eaeb 
oth^ simultaneously with the two curvatures, it follows that the mass only 
attains its figure of equilibrium when this equality of pressure is established. 
We thus have a primary verification of the general theory of equilibrium which 
guveriis our liquid figures, a condition in virtue of which the pressui'es exerted 
if ^ superficial layer oudit to be ererywhere the same. Moreover, It Is 
sndeitt that if a superficial uyer,ha;vittea splisiieal curvature, exerts by itself 
apressure, this principle must be true, however small the extent of this layer 
may be f^uppoprd to be. It follows, therefore, that an extremely minute por- 
tion of till riuperfieial layer of our mass, taken from any part ot" cither of the 
two segments, ought itself to be the seat of a slight pressure; couBequently, 
tliaft the totid pressuve exerted by the superficial kver is the result of indlTidaal 
pressures emanating from all the elements of this layer. This watf also shown 
by theory. Further, following the same train of reaf '^ning', wc see that the 
intensity of each of the minute individual pressures ought to dejiond upon the 
curvature of the coiTesponding element of the layer, which is also m conformity 
with theory. Lastly, as in a state of equilibrium the two segments belong to 
Bj^eree of equal radii, the cnrrateie is the same in all points of tiie suriiua 
of iJie mass ; whence it fidlowi that all the minute elementary pressures are 
equal to each other. The general condition of nqnilihitum (f 6) is, thereftne, 
perfectly verified in the instance of our experiment. 



UiQiiized by Google 



238 THE FIGUEES OF iit^UlLiBliiUM OF A i^IQUID MASS 

18. The principle of tbe fqiperfidal' layer, applied to Ae-piecedisg experi-' 
nentf allows of tBe latter being modified in sticn a manner as to obtain a veiy 

remarkable result. Whon tlio figuro of equilibrium h once attained, tho per- 
forated plate actH upon the superliciai layer by its external border only. The 
wiiole of the remainder of this plate then exerts no inllucnce upon the figure in 
question. Hence it ibllows that tJiia figure would still lie the same if tho aper- 
ture were enlarged, only the greater the diuneiler of the latter the lees time ia 
required for tho establishment of the equalitj between the two curvatures. 
Latitly, we ought to be able to enlarge the aperture nearly to the margin of the 
plate without changing the fi«^ire of equilibrium; or, in other words, to reduce 
tho solid system to a simple ring of thin iron wire. Isow, this is confirmed by 
experiment; but, to put it in exeention, we cannot confine onrselyeB, as before, 
to making tibe solid system penetrate a sphere of oil of less diametw than tlial 
of this same system^ and snbseqnently to allow the molecular forces to act, be- 
cause the metallic wire, on aeonnt of its small extent of surface, would not 
exert a sufficient action upon liic superficial layer to cause the liquid to extend 
BO as to adhere to the entire isurtkee of the ring. The mass would then remain 
tmyersed by part of the latteri and its spherical form wonld not be sensibly 
altered if the metallic wire were smaU; the lic^nid snifiu;e would m^ly be 
slightly raised upon the wire in the two small spaces at which it issued from 
the mass. To ppcak more exactly, under the cireniir^tanceB in question two 
figures of equilibrium are jjossible. One of these ditiers but very slightly from 
tho sphei'e; it is not Bymmelrical with regard to the ring, one part of which 
traverses it whflst ihe other part remains nee. The second figure is perfectly 
symmetrical as r^ards thr t in and completely embraoes its margin; its snrfiice 
is composed of two equal spherical curves, the margins of which rest npon the 
ring; in other words, it constitutes a true doubly convex lens of equal eurva- 
turea. This is the figure which it is our object to obtain. For this purpose 
we first give the sphere of oil a diameter slightly greater than that of the 
metalHc ring ; we then tntrodnce the latter into the mass so that it is com- 
pletely enveloped ; lastly* by means of the small glass syringe, (§ 9,) some of 
the liquid is gradually removed from the mass.* As this diminishes in volume, 
it? surface is soon applied to every part of the margin of the ring, and the 
volume continuing to diminish, the lenticular form becomes manifest. After- 
wards, by withdrawing more of the liquid, the curvatures of the two surfaces 
may be reduced to that degree which is considered suitable. In this way a 
beautiful double convex lens is obtained, which is entirely liquid except at its ' 
circumference. Moreover, in conscqucuce of the index of refraction of the 
olive oil beiug much greater tiian tiiat of the alcoholic mixture, the lens in 
question possesses all the properties of converging lenses ; thus, it magnifies 
objects seen through it, and this magnifying power may be varied at pleasure 
by remoTing some d the liquid fiom> or adding more to, the mass. Our figure* 
therefore, realises that which could not be obtained with glass lenses, t. e., it 
forms a lens, the curvature and magnifying power of which arc variable. The 
' diameter of that which I formed was 7 centimetres, and the thickness of the 
metallic wire was about ^ a miiUmetre. A much finer wire might have been 
used with the same success ; bnt the apparatus would then become inconve- 
nient on account of the ikcili^ with whidi it wonld be put ont of shape. By 
. operalsng with care, the curvatures of the lens may be diminished so as almost 
to make them vanish ; thus 1 have been enabled to reduce the lens which I 
formed, and the diameter of whicli, as I have stated, was 7 centimetres, to 
such an extent that it was only 2 or 3 millimetres in thickness. Henco we 
might presume that it would be possible to obtain, by a proper mode of pro- 



" The mdnt of the instnunent is introduced iatu tbe tmbbI tbrouali tiie aeoond aportmo in 
tho lid. 
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ceeding, a layer of oil m ith plane fiEUMS. This is, in fact» confirmed by expe- 
rience, as wc shall aee further on. 

19. To render the earvatiirefl of the liqiiid lens very ilight* the point of the 
syringe must naturally be applied to the middle of the lens, bccanso the maxi- 
mum of thickness exists therp. Now, when a certain limit has been attained, 
the mass suddenly becomes divided at that point, and a curious phenomenon is 
produced. The liquid rapidly retires in every direction towaids the metallic 
circumferencet ana fermg a heautiftil l^nid ring along the latter ; but this ring 
does not last for more than one or two seeonds, after which it spontaneously 
resolves itself into~S6vetal small, almost spherical masses, adhering to various parte 
of the ring of iron wire, which passes through fh' ni like the beads of a ncclJace. 

20. The reasoning which led us, at the commencement of paragraph 18, to 
reduce the primitive solid system to a simple metallic wire representing the line 
in the direction of which this system is met hy the snpco^cial layer Sdonging 

' to the new figure of equilibrium, may be generalised. We may eondnde that 
whenever a solid system introduced into the mass is not met hy the superficial 
layer of the figure produced, r xcrpting in the dire( tif>n of small lines only, sim- 
ple iron wires, representing the lines in question, may bo Btibstituted for the 
solid system empioyed. But if tlie volume of the primitive solid system were 
eonsldexablet it wonld evidently he requisite to add to the mass of oil an equiva- 
lent Tolmne of this llqaid» to occnpy the place of the solid parts suppressed. 

There is, however, an exception to this principle ; it occurs when the solid 
system separates the entire mass into isolated portiV^m, as in the experiment of 
parograph 14; for then these portiuus assume fignrt- independent of each other, 
and which may correspond to ditfereut piesbuies. la tins case the suppression 
of one portion of the solid 83r8tem would place the figures primitiTely isolated 
In eommunicition, and the inecjiiality of the pressures would necessarily induce 
a change in the whole figure. Excluding this exception, the principle is gen- 
eral, and the result of it is that well-d( velopcd effects of configuration may be 
obtained on employing simple iron wires instead of solid systems. The experi- 
ment of the biconvex lens furnishes one instance of this, and we ahall meet with 
a great many others hereafter. Nevertheless, to be enabled to comprehend ^e 
inlnence of a simple metallic wire upon the configuration of tibe liqmd mass, it 
is not requisite to consider this wire as suLstiluted for a complete solid system; 
it may also be considered by itself. It is, in fact, clear that the solid wire 
acting by attraction upon the superficial layer of the mabt?, the curvatures of 
the two portions of the surface resting upon it ought not to have an^ further 
rdatipn of continuity with each other. The meta&ie wire may, therefore, de- 
termine a sudden transition between these two portions of the surface, the curv- 
atures of which will terminate abruptly at the limit which it places to them. 
The principles which we have established ought undoubtedly to be considered 
as among tlie most remarkable and curious consequences of the principle of the 
superficial layer, and one cannot avoid being astonished when we 
see tiie liquid maintained in such difiiorent forms by an action ex- 7, 
erted upon the extremely minute parts of the snpafidal layer of 
the mass. 

21. We have experimentally studied the influence of convex 
surfaces of sphericid curvature ; let us now ascertain what experi- 
ment is able to teach us hi reg^trd to plane suites and concave 
surfkees of spherical curvature. Let us take for the solid system a 
laiee strip of iron, curved circniarly so as to form a hollow cylinder, 
and attaciied to the enspcnding iron wire by pome point on its outer 
surface, (Fig. 7 .) To prevent the production ot acce.>^.-(>iy phenomena 
in the experiment, we shdl suppose that the breadth of tne metallic 
hand is less than the diameter of the cylinder formed by the eameband, or that it 
is at least equal to it. 3Iake the mass of oil adhere to ue internal sui&ce of this 




« 
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system, and let us puppose tbat tlic liquicl Is In sufficient quantity tlien to project 
outside the cylinder. In this case the mass will present ou each side a convex 
surface of spherical curvature, and the curvatures of these two surfaces will be 
equal. Tlus figure is a eonsequenee of wluA ve bave previously seen ; and we 
XDtut not stop here, for it will serve tu as a starting point in obtaining other 
figures which wc require. Apply the point of the syringe to one of the above 
con\'ex surfaces, and gradually withdraw some of the liquid; the curvatures of 
the two surface" '^vill then ^adually diminish, and with care they may be ren- 
dered perfectly piaue. It follows from this first result that a plane sarface is 
ako a snrfkce of eqnfllbrinm, which is eiridentlv' in conformity with theorjr. Let 
OB now apply the end of the syringe to one or these plane surfaces, ana again 
remove a small qnantity of liquid. The two surfaces will then become bIbmI- 
tfiTieously hollow, and will form two concave surfaces of spherical curvature, the 
uiargins of which rest upon the metallic band, and the curvatures of which are 
the same. Finally, by the further removal of the litj^uid, the curvatures of the 
two BOxftyees become greater and greater, al^^ays remaining equal to each otbct. 

Hence it results, first, that concave snr&ees of spherical curvature.aze atill 
Bttr&ces of eqnilibrium, which is also in accordance with theory. Moreoy€r» as 
the plane pumce left free sinks spontaneously as soon as that to which the in- 
strument is applied becomes concave, it must be concluded that the superficial 
layer belonging to the former exerts a pressure which is counterbalanced by an 
equal force emanatine ficomthe opposite superficial plane layer, but which eeases 
to he so, and which dinyes awav tne liquid as soon as this opposite layer coa^ 
mences to become concave. Again, as further abstraction of the liquid deter- 
mines a new rupture of equilibrium, so that the concave surface opposite to that 
upon "which we directly act exhibits a new sj)ontaneous depression wIk n the 
curvature of the other surface iucreases, it fulltrvva that the concave bupcrlicial 
layer belonging to the former still exerted a pressure, which at first was neutral- 
iaed hjr an eqnal pressure arising firom the other concave layer, bat which ha- 
comes preponderant, and again drives awaj the li9[Qid» whod the cunratnre of 
this other layer is increased. 

Hence it follows, first, that a plane surface produces a pressure upon the 
liq[uid ; second, that a concave suirface of spherical curvature also produces a 
pressnre; third, that the Utter is inferior to that corresponding to a plane aniftce; 
fourth, that it is less in proportion as the concavity is greater* or that the ntdiiis 
of the sphere to which the surface .belongs is smaller. These results were also 
pointed out by theory, and had already heen verified in the application of the 
latter to liquids submitted to the action of gravity, by the phenomenon of the 
elevation of a liquid column in a capillary tube, the walls of which aie moistened 
by it. . 

Beasoning upon these fitcts, as we have done at the end of paragraph 17 in 

regard to convex surface? of splierical curraturr', we shall arrive at the conclu- 
sion that the entire proppiire exerted by a concave superficial layer of spherical 
curvature is the result of minute individual pressures ai isiug from all the elements 
of this layer, and that the intensity of cacli of these minute |>ressures depends 
upon the enrvatnre of that element of the layer from which it emanates. Owt 
last experiment, therefore, perfectly verifies that part of the theory wbich relates 
to plane and convex surfaces of spherical curvature. Lastly, in the state of 
equilibrium of our lionid figure, the curvature beiug the same at all points of each 
of the two concave surfaces, it is again evident that all the minute elementaij 
pressures arc equal to each other, which gives a new complete verification w 
uie general ooonition of eqnilibrinm. 

22. The figure we have just obtained constitutes a biconcave lens of equal 
curvatures, and possesses all the properties of diverging lenses, /. f., it dimin- 
ishes objects seen through it, &c. Moreover, as the curvature of the two 6ur- 
£ftce8 may be increased or diminished by as small degrees as is wished^ i( follows 
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that we thus obtain a diverging lens, the curvature and action of which are 
wiable. 

23. Now let 118 suppose thai we have increased the cnrvataies of the lena 

until the two suifiieee nearly touch each other by their summits.* We micfat 

presume that if the removal of thn liquid were continued, tlio mafsf? wonlfl dc- 
como disunited at that point at which this contact took place, and that the oil 
would recede in every direction towards the metallic band. This is, however, 
' not the ease; we thea obeerve in the centre of the figure the formation of a 
small 8hiu*ply defined cirenlar apace, tluoiiffh whldi objects no longer appear 
dSnumahed, and wo easily recognize that wis minute t^pace is occupied by a 
layer of oil with plane faces. If the removal of the liquid be gradually con- 
tinued, this layer increases more and more in diameter, and may thus be ex- 
tended to within a tolerably ^hort distance of the solid surface. In my ezperi- 
aient* the diameter of the metallic cylinder was seven centimetres, and I have 
boon enabled to increase the siie of the layer untO its circumference was not 
more than about five millimetres from the solid surface ; but at this instant it 
broke, and the liquid of wln(']i if consisted rapidly receded towards that which 
t5tiU adhered to the m(!tallic I luil. The fact which we have jiist described is 
ve^ remarkable, both iu itiicii and in the singular theoretical consequences to 
which it leads. In fiict, that part of the mass to whii^ the layer adheres by its 
margin presents concave surfaces, whilst those of the layer are plane; now the 
existence of such a system of surfaces in a continuous liquid mass seems in op- 
position to theory, since it appears evident that the pressures cannot be equal 
in this case. But let us investigate the question more minutely. 

24. According to theory, the pressure corresponding to any point of the sur» 
&ce of m liquid mass, as we have seen, (§ 3,) is the integral of the pressures 
esnied by each of the molecules composing a rectilinear line perpendicular to 
the surface at that point, and equal in length to the radius of the sphere of 
activity of the molecular attraction. The analytical expression of this intcji^ml 
contains no other variable.-? than the radii of the greatest and of the lenj^t curva- 
ture at the point under consideration, (§ 4.) consequently the pressure in 
c|«estion varies only with the curvatures of the surfiuse at the same pouit. This 
IS rigorously true when the liquid is of any notable thickness ; but we shall 
show that in the case of an extremely thin layer of liquid there is another 
element wliirh rx^^rts an influence upon the ]ir('>!suro. Let us conceive a liquid v 
layer, tiu- Lhickuu.-^s of which is less than twice tiie radius of the .-pherc of sen- 
sible activity of the molecular attraction. Let each molecule be conceived to 

be the centre of a small sphere with this same radius, (§ 3,) and let uf first 
consider a molecule rituated in the middle of the thickness of the layer. The 
little sphere, the centre of which is occupied by this molecule, will be intersected 
by the two surfaces of the layer, consequently it will not be entirely full of 
liquid ; but the segments suppressed on the outside of the two srirfaces being 
"equal, the molecule will not be more attracted perpendicularly in one direction, 
than in the other. Now let a small right line, normal to and terminating at the 
two surfaces, pass through this same molecule, and let us consider a second 
molecule situated at some other point of this right line. The little sphere 
which belon«^s to the second molecule in question may again be intersected by 
the two Furlaccs of the layer; but then the two supprcascd segnieutci will be 
unequal j the molecule will consequently be subjected to a preponderating at- 
traction, evidently directed towards the thidcness of the layer. The molecule 
win then exert a pressure in this direction, and it must be remarked that this 
pressure will be less than if the liquid had any notable thiclutess, the molecule 

* To effect this operation, the point of the svriuge mui>t not ha placed in the middle of the 
figure, as in ths case of the doubly convex lens ; but, on tho contrary, near the metaUic 
band, as this is now the point wbcce tlw gnalaet thickness of the liqioid existe.. 
* 16 8 
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being situated at the same di^^tance from the suiface ; for in the latter case the 
little sphere would only be cut on one side, and its opposite part would be per- 
fectly full of liquid. It might also happen that the little sphere beloiigiug to 
the molecnle in qneetion in the thm layer is only cut on one side ; the molecole 
will then still exert a pressure in the same direction» but its intensity will then 
be as great as in the case of a thick mass. It is easy to see that if the thick- 
ness of the layer is less than the (simple length of the radius of the molecular 
attraction, the little spheres will all be cut on both sides; whilst if the thickness 
in question is comprised between the length of the above radius and twiee this 
same length, a portion of the minute spheres will be eut on one side only. In 
both cases the pressure exerted by any molecule being always directed towards 
the middle of the thickness of the layer, it is fv^flcnt that the integral pre-ppnre 
corresponding to any point of either of the two aurfaces will be the result of the 
pressures individually exerted by each of those molecules, which, commeuciog 
at the pofait In question, are arranged upon half the length of the small perpcn- 
dienlar. Now each of the two halves of llie small peipendienlar being less thsn 
the radius of J;he sphere of activity of the molecular attraction, it follows that 
the number of molcf-ules composing the line 'which exerts the integral pressrae 
is less than in the case of a thick mass. Thus, on the one hand, the intensities 
of part or the whole of the elementary pressures composing the integral pres- 
sure will be less than in Ae case of a uiick mass, and, on the other hand, tiie 
number of these elementary pressures will be less ; from this it evidently follows 
that the integral pressure will be inferior to ^at which would occtu* in the case 
of a thick mass. P always denoting the pressure con-esponding to any point of 
a plane surface belonging to a thick mass, (§ 4,) the pressure eorr; sjionding 
to any point of either of the surfaces of an extremely thin plane layer will there- 
ibre oe less than P. Moreover, this pressure wiH be less in proportion as tlie 
layer is thinner, and it may thus diminish indefinitely ; for it is clear that it 
would be reduced to zero if we supposed that the tmekness of the layer was 
equal to no more than that of a simple molecule. 

We can obtain liquid layers with curved surfices ; soap-bubbles furnish an 
example of these, and we shall meet with others in the progress of this investi- 
gation. Now by supposing the thickness of such a layer to be lees than twice 
Sie radius of the molecnlar attraction, we diould thus evidently arrive at the 
tionclusion that the corresponding pressures at either of its two surfaces would 
be inferior in intensity to those given by paragraph 4, and that, raorcover, these 
'intensities are less in proportion as the layer is smaller. We thus arrive at the 
following new principle : 

In the ease of every liquid layeTy the tkiekneta of whieh ft let* than twice tke 
radius of the sphere of acUtUy of the mohcvJar attraction^ ihe pressure will not 
depend sold}/ upon the curvatuiret qf the eurfaees, btU will vary with the thickr ^ 
ness of the layer. 

25. We thus see that an extremely thin plane liquid layer, adhering by its 
edge to a thick mass the surfaces of which are concave, may form with this maas 
a system in a state of equilibrium ; for we may always suppose the thickness 
of the layer to be of such value that the pressure corresponding to the pUme 

surfaces of this layer is equal to that corresponding to the concave surfaces of 
the tliick mass. Such a system is also very remarkable in respect to its form, 
inasmuch as surfaces of difierent nature, as concave and plane surfaces, suc- 
ceed each other. This heterogeneity of form is, moreover, a natural consequence 
of the change which the law of pressures undergoes in passing from the thick 
to the thin part. 

56. A'? v:r have already seen, theory demonstrates the possibility of tlic fx- 
istence of such a system in a state of equilibrium. As regaids the experimeiit 
which has led us to these considerations, although the result presented by it 
-tends to realize in an absolute manner the theoretical result, there is one cirCQBi* 
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stance wliich is unfavorable to the completion of this realization. We can un- 
derstand that the rel.itivc mobility of the molecules of oil is not enflSciently 
great to occasion the immediate formation of the liquid layer with that excessive 
te&nHy whaidk is re^vlsHe for eqnOihriiim ; the thiokneefl of this layer, although 
very minute, absolutely speaking, is undoubtedly, during the fintiiioineiito» a 
QODfliderable multiple of the theoretical thickness. If, th^, we produce the 
layer without rxtPTulinc' it to tbnt limit to which it i? capnblo of ificrcasing 
during the operation, and ittt ! wards It^ve it to itself, the prcBsure correspond- 
ing to ita plane surfaces will stili exceed that corresponding to the concave 
siDftoeB of the lemaindflr of tiie liqiiid 17010111. Henoo it fwawB that the oil 
within tlie layer will be driven towards wis other part of the ftyateniv and that 
die diiekness of the layw will progressively diminish. The equilibrium of the 
figure will then be appfiront only, tmil the layer will in reality be the seat of 
continual movements. 1 lie dimiuutiou in thickness, however, will be effected 
dowly, because in so coufined a space the movements of the liquid are neces* 
*flarily restrained; this is why, as in the expexfanent in paragraph 17, the mass 
only acquires its figure of equilibrium slowly, because there is a canse which 
im^^ the movements of the liquid. The thickness of the layer gradually 
approximates to the theoretical valnf, from which the equilibrium of thr» «vptem 
would result; but unfortunately it always happens tliat before attaining this 
point the layer breaks spoutaneously. This efiect depeudsi without doubt, 
open die internal moyements of whidi I have spoken above. We can imagine, 
in ftct, tiiat when llie layer has beeome of extreme thmness, the slightest eanse 
IB lofBknent to determine its rupture. The exact figure which corresponds to' 
the equilibrium is' therefore a limit towarrls which the fitrnro produced tends; 
this limit the latter approaches very nearly, and would attain if it were not itself 
previously destroyed by an extraneous cause. 

Our experiment has led ns to modify the results of theory in one jpartienlar 
instance ; but we now see that, far from weakening die principles of this theory, 
it fumisheSy ou the contrary, incomplete as it is, a new and striking verification 
of it. The conversion of the don^dy concave lens into a system comprising a 
thin layer is connected with an order ot' ^a^ueral facts : we sijall see tliat a large 
number of our liquid figures become transformed, by the gradually produced 
Ahxunution of the mass m whieh they are compose^<into systems consbting of 
layers, or into the composition of which layers enter. 

27. If by some modification of our last experiment we could succeed in ob- 
taining the equilibrium of tlie liquid system, wc might be able to deduce from 
it a result of great inteie.st — an indication of the value of the radius of tiie 
Sphere of activity of the molecular attraction. In fact, we might perhaps find * 
out some method of determining the thiekness of the layeis; these might, for 
instance, then exhibit colors, the tint of whieh would lead us to this determina- 
tion. Now we have seen that in the state of equilibrium of the figures, half the 
tliittness of the layer would be less than the radius in question ; hence we 
ebould then have a limit above wiiiclj the value of this game radius would exist. 

In other words, we should know that the molecular attraction produces sensible 
cfieets, even at a distance from its oentr^ of action beyond this lunit. Our 
experiment, although insufficient, may thus be considered as the first step 
towards the determination of the distance of sensible activity of the molecular 
attraction, of which diBtaace at present we know nothing, except that it is of 
extreme minuteness. 

28. Let us now return to the consideration of thick masses. It follows from 
the experiments related in paragraphs IS, 14, 17, 18» and 21, that when a eon- 
tiiuious portion of the surface of such a mass rests upon a eircnlar periphery, 
this surface is always eillicr of spherical curvature or plane. But to admit this 
principle in all its geuerality, we must be able to deduce it from theory. We 
shall do this in t^e following scries, at least on the supposition that the portion^ 
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of the surface in question is a surface of revolution. Wc shall then see that 
this same principle is of great iiuportance. \V(^ may remark here that in the 
experiment in paragraph the layer comiucuces to appear as soon as the 
MUoeB can no kmgor eonstltaie spherieal segments. Now wo shall agau^ find 
thai in the other cases, when a rail figure is converted, b7 ihe gsadoal with- 
tewal of the liquid, into a system composed jof layers, or into the composition 
of which layers enter, the latter begin to he formed when the 
Jliy. S. figure of equilibrium, wliicli the ordinary law of prcfst^ures would 
determine, ceases to be possible. The mass then assumes, or 
tendfl to aaeune, anoAeir figoie, eompatihle with a modifieatini 
of thk law. Such is Ae genenl prindple of the formatifiii of 
layers under the circumstances in question. 

29. After liavino: formed a converging and a diverging liquid 
lens, it appeared to me curious to combine the.se two kinds (d' lens,* 
so as to form a liquid telescope. For this purpose, 1 lirst subidti- 
tnted for the ring of iron wire, in paragraph 18» a cirenhur plate 
of the same diameter, peffinsted by a large aperture. (Fig. 8.) 
Thi^^ plate having been turned in a lathe, 1 was certain of its being 
perfectly circular, which would be a very difficult condition to fullil in the case of 
a simple curved iron wire. In the second place, I took for the t-olid ])art of the 
doubly concave lens a band of about two centimetres iu breadth, and curved 
mto a eyllnder three and a half eentlaietiea in diasMter. These two sTStesM 
wer^amngedasinFig. 9, i]^ soohainiMMr that the entire , iq^jparatos bsing 





suspended vertically in the alcoholic mixture by the iron wire a, and the two 
liquid lenses being formed, their two centres were at the same height, and ten 
centimetres distant from each other. In this arrangement the telescope cannot 
be adjusted by altering the distance between the dbjjeetlTe and the eye-pieee; 
but this end is attained by Taiying the curvatures of these two lenses.- WI4 
the aid of a f e w preliminary experiments, I easily managed to obtain an excel- 
lent Galilean telescope, magnifying distant objects about twice, like a common 
opera-glasF, and giving perfectly distinct images with very little irisation. 
Fig. 10, which represents a section of the system, shows the two lenses com- 
• *b!ned. • 

Figwr» <(f. egmUirium termmated by plane surfaca. Liquid polffktin* 

30* In the ezpefiment detailed, at paragraph 21, we obtained a figure pre- 
senting plane surfaces. These were two in number, parallel* and boimded lij 
Gircnlar peripheries ; hat it is eyident that these conditions ore not neessstfj 
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k Older to allow piano surfacos to belong to a liqoid BUM in eqnilibriiim. We 

can xinderatand tiiat the forms of the solid contouns might be indififercnt, pro- 
vided they constitnte plane figuro«. We can, moreover, undcrptand that the 
number and the rchilive directions of the phin-e surfaces may be a matter of 
iudifiercuce, because these circumstances exert no iuilueuce upon the prossuroa 
wfakh epczetpoBd to theie 8iufSMei» pfessniet whleh will always renMon equal 
lo each otiier. La^^tly, it follows from the piiiicijjlc at which we arrived at the 
end of paragnipli 20, relative to the influence of solid wires, that for the eatab- 
liphment of th(i transition between a plane and any other surface, a i||^tallic 
thread representing the edge of the angle of iiiters^ccuon of these two sffrfaces 
will be sufficient. We are thus led to &e curious result, that we ought to be 
able to foam polyhedimi wbieli aie voMty liqiiid exaeptjng at tbeir edg^ 
Now, this li eoB^letelj verified by experiment for the lolid system ve 
take a framework of iron wire representing all the erlgea of any polyhedron, 
and we cause a mass of oil of the proper volume to adhere to this framework, 
we obtain, in fact, in a perfect manner, the polyhedron in question; and the 
mrious Qpectade is thus obteined of parallelopipedous. prisms, &&, composed 
of oil» and the onlj solid port of whidi ia their edgce. 

To produce the adhesion of the liquid mass to the ealivt tenework,' a 
Tolnme is first given to the mass slightly l.ir^'er than that of the polyhedron 
which it is to form ; it is then placed in the framework ; and, lastly, by means 
of the iron spatula, (§ 9,) which must be introduced by the second aperture of 
tiie 1^ of tile vessel, ana whieh is made to penetEate the mftaa, the latfctf i# 
feadHy made to attach Itself aneeeisiTely to the entire len^ of each of the 
•olid edges. The excess of oil ia then gndnaUy femoved with the syringe* 
and all the surfaces thus beoomp pimnltaneonsly exactly plane. But that this 
end may be attained in a coniplcte manner, it is clearly requisite that the 
equilibrium of density between the oil and the alcoholic mixture should be 
peifectly oatahUahed ; and the aligfatert diftranae in thia lespect is sufficient to 
alter the snv&oes sensibly. It shonld also he home in mina that the mni^- 
latioii vkh the spatula sometisBSB ooeasions the introdne- 
tion of alcoholic bubbles into the interior of the mass of 
oil. These are, however, easiiy removed by means of the 
syringe. * 

31. New, having formed a polyhedron, let na see whal 
will happen if we gmdnally remove some of the Baiid. 

Let us take, for ixH^ax^ the cube, ihB solid framework of 
Vhich, with its suspending wire, is rfprfscnted nt F?;r 1 1.* 
Let the point of the pyriivjre Jipjilicd near the middle nf 
one of the faces, and let u t^maii u uuutity of the oil be drawn 
up, AJi the faees will hnmediatdy heoone depsassed simnl- 
taneously and to tiie same extent, so that the super- 
ficial square contours will form the bases of six similar hollow figores. We 
should have imairirtefl tliis to have been the case lor the naintenan^ of equeliliy 
between the preboun r». 

If fresh portions ui the liquid are removed, the faces will become more and 
aete hollowed ; hat to nnderstand what happens iriien diifl inampiplatfnB Is 
sontinaed, we must here ttundate a prelimmary piepssitien. Siq»oee that a 
square plate of iron, the eidcs of which are of Uie scune length as the edges of 
the motriUic frame, is intrntiticed into the vessel, and that a mags of oil equal 
in volume to that which ib iubt by one of the faces of the cube is ]>lnc«'d in con- 
tact with one of the faces of this plate; I sa^ that the liquid, aiier having 
heeome extonded iqNm the plate» wml present ns nriisf the same %He a« the 
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* Tbo edges of all the frames which I ued wera 7 ceotunetre* in length. 
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face of the modified cube prcsenta in intaglio. Then, in fiust> in passing from 

the hollow surface to that in relief, the radii of cui-vaturc corresponding to each 
point will only change their signs without changing iu absolute value ; conse- 
quently, (§ 8,) since the condition of equilibrium i& satisfied as regards the first 
of these surfaces, it will be equally «o with regard to the Beoond. 

■ISfow, let VB imagiae a ptane muMiDg through one side of the plate, and tan* 
gentially ta the surface of the liquid wbich adheres to it at t£at point. As 
ju>ng as this liquid ia iu email quantity, we sli mid imagine — and experiment 
bears us out — that the plane in question will be elrojigly inclined towards the 
plate ; but if we graduailj increase the quantity ot liquid, the angle comprised 
between the plane and the plale wQl also conrame to kKsrease, and instead of 
being acnte> as before, -will become obtuse. Now, so long as this angle Is kei 
th&n 450, the conrez aiiffoee of the liquid adhering to the plate will remain 
identical ^ ith the concave surfaces of the mass attached to the metallic frame, 
and suitably diminished j but beyond this limit, the coexistence in tlie frame 
of the six hollow identical surfaces with the surface in relief becomes evidently 
impossible, fbr these snifiboes must mntually interseet each otiher. Thus, when 
ihe wilhdiawal of the liquid from the mass forming the cube is continued, a 
pohit is attained at which the figure of equilibrium ceases to be realiaable in 
accordrmce with the ordinary law of pressures. We then meet with a new 
verihcation of the principle enunciated iu § 28, i. c, that the formation of 
layers commences. These layers are plane ; they commence at each of the 
wires of the fiamOi and connect the remainder of the mass to the latter, wlodi 
continue to present six concave snrftoas. In iact, we can imagine that, by 
^8 modification of the liquid figure, the existence of the whole of this in the 
metallic frnmo again becomes possible, as also the equilibrium of the system; 
fbr there is then no further impediment to the concavfi surfaces assuming thnt 

form whicli accords with ilic uidmary law of pressures; 
and, on the other hand. In snpnosli^ ths layers to be adS- 
ciently thin, the pressure belonging to them might be 
equal to that which coResponds to these same concave sbt 
faces, (§ 25.) 

On removing still further portions of the liquid, the layer 
will continue to enhirge, whilst the full mass which oc- 
cupies the middle o£ the figure will diminish ia Tolome^ 
and this mass can thns be ledneed to very minute dimeo- 
Bions : Fig. 12 represents the entire system in this latter 
state. It is even possible to make the little central mass 
disappear entirely, and thus to obtain a complete laminar 
system; bnt for this purpose certam precautions must be t^keu, which I 
wall now point ont. w hen the central mass has become snfficiently smaB, 
the point of the syringe must first be thoroughly wij^ ; otherwise the oil 
adheres to its exterior to a certain height, and this attraction keeps a cer- 
tain quantity of -oil around it, which tlie instrument cannot absorb into its 
interior. In the second place, the point of the syringe muat be depressed to 
such an extent that it nearly touches the inferior siuface of the little mass. 
During the snction this sormce is then seen to become raised, so as to tood 
the orifice of Ae instrmnmit, and .the latter then absozba as mooh of the ska- 
holic mixture as of the oil ; but this is of no consequence, and the minute masa 
ia seen to diminish by degrees, so as at last completely to disappear. The 
system, then, consists of twelve triangular layers, each of which commences at 
one of the wires of the frame, and all ihe snimdta of whieh unite at the ceotie 
ti the figure; it is represented in Fig. 13. But this system ia only foraied 
daring the action qf the syringe. If, when this is coniplete, the point of the 
instmment is slowly withdrawn, an additional lamina ot a square mrm is seen , 
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to be developed in tlie centre ot tiio figure, (Fig. 14.) TUiii, tlien, ib the defiui- 
|x76 Uaniiiar system to wlueh the liqiiia eobo is xediued hy the gradual ^imiim- 
tioiL of its akaiB. 




32. In the preceding experiment, as in that of p<'u-agraph 23, the thickneas 
of the layers is at first greater than that which would correspond to equilibnum. 
If, then, the system were left to itself whilst it still contains a central mass, we 
should imagine that one portion of the liquid of the layers would he slowly 
diiven towards this mass* and that the layers would gradually become thinner. 
Moreover, it always happens that one or the other of the latter increases after 
Bome time, undoubtedly for the reason -svbich we have already pointed out, 
(§ 26.) Hence, for the perfect success of the transformation of the cube into 
ue IftTninar system, one precaution, whieh has not yet been spoken of, must he 
attended to. It consists in the etrcnmstance that, from the instant at which 
the layers arise, the exhaustion of the liquid must be oontinned as quiddy as 
possible until the central mass has attained a certain dofrree of minuteness. Jxi 
tact, as soon as the formation of the layf^rs commeucfjs, their tendency to 
become thinner also begins to be developed ; and if the operation is effected too 
slowly, the system might break before* it was completed. When the eentxal 
Biass is snfficiently redaeed — and experience soon teaches us to judge of the 
suitable point — the action of the syringe mnst be gradually slackened, and at 
last the other precautions which we have mentioned must be taken. 

We are able, then, to explain the rupture of the layers so long a.-? tliere is a 
Urge or small central mass ; but when the laminar system is complete, we do 
not at the first «]anee see the reason why the thickness of the layers diminishes, 
and conseqnenuy why destruction of the system takes place. Nevertheless the 
rupture ultimately takes place in this as in the other case, and the time during 
which the system persists rarely extends to half an hour. In ascertaining the 
cause of this phenomenon, it must be remarked that the iuterscctioiiH. cf tlio 
different layers caunut occur suddenly, or be reduced to simple liueis : it is 
evident that the free transition between two liquid sur&ees eould not be Aus 
cBtablished in a discontinuous manner. These transitions must, therefore, be 
effected through the intermedium of minute concave surfaces, and with a little 
attention we can recognize that, in fact, this really take.? place. We can then 
understand that the oil of the layers ought also to be driven towards the places 
of j auction of the latter; and consequently the absence of the little central 
mass does not prevent the gradual attenuation of the layers, and the final- 
doBtruction of the system. 

33. If, during the action of the Byringe, when the system shown in Fig. 13- 
has been attain(?d, iuj^tcad of slowly withdrawing the instrument, it is suddenly 
detached by a slight t^hake in a verticid direction, the additional layer is not. 
developed ; but the little mass in i i^^. 12 is seen to be reproduced very rapidly. 
This fact confirms in a remarkable manner the explanation which we have 
given in the preceding paragraph. In fact, at the moment at which the point 
of the instniment is separated from the system, the latter may be considered 
as composed of hollow pyramids. Now it also ibUows, trom caosea relating to 
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liheir contiimityf thai the (Bmanrits of tirnie pyraaiidi dKwM not eonstitate lAm- 
pie poptB} hut ooBOave imifiiieM. B«ii as the Ottmfaves of these murate 
anrraces are very great in every direction, they would give 1^86 t» itiU fiur leM 

pro^«nre tlian those which establish the transitions between each pair of snr-. 
faces of the layers ; lor in the latter tliere is no curvature in one direction. 
The oil of the layers will, therefore, be driven with much greater force towards 
the centre of ihe figure than towaida the other parts o#ihe jimctioiis of these 
layers. Again, the twelve layers terminating in this Bame centre, the oil floira 
there simultaneously from a large number of aonices. These two concurrent causes 
ought then, in conformity with experiment, to produce the rapid reappearance of 
the small central mass ; and wo can understand why it is impopsible to obtain the 
complete system of the pyramids otherwise than during the action of the syringe. 

34. All the other polyhedrie liquids become transroimedt like the cu De» into 
laminar syntems when the maaa of which they are composed is gradually 
diminished. Among these systems some are complete ; the others still contain 
very small masses, which cannot be made to disappear entirely. Analogous 
considerations to those which we applied with regard to the cube w-ould show, 
in each cutie, that the formation of layers commences as noon as the hollow 
snr&ces which wonld conc^spond to the ordinary law of pressnzea cease to be 
aUe to- coexist in the aoiid ftame. Figa. IS, ld» 17» and 18 represent the 




laminar systems resnlling from the triangular prism, the hexahedral prjam, tbe 

tetrahedron and the pyramid with a square base, these systems being supposed 
to be complete. They are all foiincd of plane layers, commencing at each of 
the metallic wires ; and that of tho hexahedral prism, as is showUi contaioa an 
•additional layer in ihe centre of iliu iigure. 




86. The system arising ftom the regular oetobedron presents a afngolar 

•exception, which I have not been able to explain. The layers of which this 
system is composed arc curved, and form a fantastical group, of which it is 
iUlioidt to give an exact idea by graphic representations, ii'ig. 19 exhibits 
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Uiem projected upou two rectanguiur vertical planes ; aiid it id seen that the 
Mjpeets tlic system observed upon two adjacent sides sre inverse ae regards 
ssekofihec. ^e formation of this system presents a r u loas peculiarity. At 
tbe commencement of the operation all the faces of the octohedron become 
Bimultancorisly hollow; the layers in prop'css of formatron arc piano, and 
arranged fymnietrically, so that the tiystem tends tuward.s the form represented 
at Fi^. 20. But when a certain limit is attained, a sudden change occurs, the 
Ityers beeome eozredfl and the system tends to assoae the singular form whieh 
we have mentioned. I have several times rmatod the experiment, varying 
the circnmstaneeB a» muBh as possible, and the same efibcts are ahrays pro. 

duced. 

In the course of thia memoir I shall point out another procesH for obtaining 
laminar systems ; it is an extremely simple one, and has moreover the advan- 
tage of prodaeing aU the systems in a complete state. 

36. In concluding our observations upon polybedric liquids, I shall remark 
that the triangular prism may be employed to produce the phenomena of dis- 
persion. In this -way a heantiful Holar spectrum may be obtained by means of 
a priBm with liquid faces. But as the elJect only depends upon the excess of 
the refracting action of the oil above that of the alcoholic Uquid, to obtain a 
eonsiderably extended spectram the angle of nfimetioii of the prism must he 
obtnse; an angle of 110^ gives a very good resulL Iforeover, it i.^ evidently 
requisite that the f^ices of the prism should he perfectly plane, which is obtained 
by using a carefully made frame; by establishing exact equilibrium between 
the density of the liquids ,* aiid« laatly, by arresting the action of the syriagQ 
exactly at the proper point. 



uiQiiized by Google 



250 THE FIGUBES OF EQUIUBEIUlf OF A LIQUID MASS 




Other Jigures of Revolution besides the ^ha-e. Liquid Cylmder, 

37. Let us now endesvor to fbxm some new liquid figures. Tliose best 

adapted to tlicoretical considerations would be figures terminated by surfaces of 
revolution other tlian the jjphrro and lenticular figures, whicli we have already 
studied. Surlkces of revolution enjoy simple properties in regard to the radii 
of the greatest and least eorvatore at every point ; we know wat one of these 
two zadii is the radios of curvature of the meridional linoi and that the other is 
that portion of tb(? normal to this line which is included between the point undn 
consideration and the axis of revolation. We shall now endeavor to obtain 
%urefi of this nature. 

38. Let our solid system be composed of two ring» of iron 
I jfy. J20^ wire, equal, parallel, and placed opposite to each other* One 
of these rings rests upon the base of the vessel by three feet 
composed of iron wire ; the other is attached, by means of an 
intennedia+o piece, to the axis traversing the central stopper, 
so that It may be approximated to or removed from the former 
by depressing or elevating this axis.* The system formed 
, by these two rmgs is represented in Hate VII, Fig. 20 hits 

the diameter of those wMdi I employed was 7 centimeters. 
— '^T^ After having raised the upper ring a,8 much as po^ible, 
I I let a pphcro of oU, of a slightly larirf^r diameter thnri that of 

I I • the rincs, he formed, and condncteci towards the lower twyi 

j \ in such a manner as to make it adhere to the entire drcuiii- 

ference of the latter ; then depress the tipper ring nntO* it 
comes into contact with the liquid mass, and the latter is nnifermly attached to 
iL When the mass has thus become adherent to the system of the two rings, 

let the upper ring be slowly raised ; when the two ringr» sre ' 
J^^Jg/^ at a ]>r(>per distauce apart, the liquid will then as-anme the 
form lIic vertical projection of winch is represcnicd in Fig. 
21, in which the lines a h and e £{ are the projections of the 
rings. The two portions of the sorfiice iniich are respect- 
ively applied to each of the rings are convex spherical seg- 
ments; and the portion included between the two rings con- 
Btitutes a figure of revolution, the meridional curve of which, 
as is shown, is convex externally. We shall recur, in the following series, to 
lliiB, part of the liquid figure. If we now continue gradually to raise the imper 
ring* the curvature of the two extremities and the meridional curvature of the 
intwinediate portion will be diminit^lK d . .md if there is exact oquilibrium be- 
tween the density of the oil and the s^urrounding liquid, the 
jF^.y2Z, surface included between the two rings will be seen to assume 
a perfectly cylmdrical form, (Fig. 22.) The two bases. of the 
liquid figure are Still convex spherical segments, but their cur- 
vature is less than in the preceding figure. If die interval 
between the rings be still further increased, it is evident that 
the surface; included between them would lose the cylindrical 
form, and that a new figure would result. This is what 
occurs; hut the consideration of the figure thus produced must be deferred. 

Instead, then, of immediately increasing the distance between the rings, let 
us commence by adding a certain quantity of oil to the mass, which will sgaia 





* In the experiments which we are now about to descrilM^ the short azBi sqaiBtDted io 
Fig. 2 of the preceding memoir, and which has hitherto answered our purpow, most be 
replaced by another of about 15 centimeters in length. 
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lender &e sinfiwe indndod l)etweai the linge oouTez. Let w then nadually 
clevBto llie upper ring, and we shall produce a q^inder of gieatar hS^i than 






the first. If we repeat the same manipulation a suitable number of times, we 
shall ultimately obtain the cylinder of the greatest height which our apparatus 
pennits. I have in this manner obtained u perfectly cylindrical mass 7 cen- 
timeters in diameter, and about 14 oentimeten in heighti (Fig. 23.) To aUow 
of the cylinder of this considerable height being perfect, it is requisite that per- 
fect equality be established between the densities of the oil and the alcoholic 
liquid. As a very slight difference in cither direction tends to make the mass 
ascend or descena, the latter assumes, to a more or less mai'ked extent, one of 
Ae two tsxanA lepresented in X%. S4. Even when the cjUndiie fbna has been 
obtained by the proper addition of alcohol of 16°, or absolute aleoholt as ocoa- 
sion nay require, (§ 24 of the preceding memoir,) slight changes in tempera> 
ture are sufficient to alter and reproduce one of the above two forms. 

39. Let us now examine the results of these experiments in a theoretical 
point of view. First, it is evident that a cylindrical surface satisiies the general 
condition of eqnllibrimn of liqnid figures, becanse the carvatures in it aie tiiie 
same at every point. Moreover, such a surface being convex in every direetioii 
except in that of the meridional line, where there is no curvature, the pressure 
corresponding to it ought to bt' frreater than that correspondino^ to a plane sur- 
face. The same conclusions aru deducible I'rom the general foraiuhe (2) and 
(3) of paiagraphs 4 and 5. in fact, aa we have already stated in paragraph 37, 
one of the qnontities B and B' is the radios of curvature of the meridional line, 
and the other is the portion of llie normal to this line included between the 
point under consideration and the axis of revolution. Now, in the case of the 
cylinder, the meridional line being a right line, its radius of curvature is every- 
where infinitely great; and, on the other hand, this same right line being 
parallel to the axis of revolution, that portion of the normal which constitutes 
the seoond radins of ciffvatnre is nothing more than the radius itself of the 

cylinder. Hence it foUoWs that one of the teims of the quantity ^ + g> dis- 
appears* and that the other is constant; this same quantity is, therefore, con- 
stant, and consequently the condition of equilibrium is satisfied. Now, if we 
denote by I the radius of the cylinder, the general value of the pressure for 
this surface would become 

» * A 1 

Now k being positive because it is directed towards the interior of the liquid, 
(§ 4,) the a£m value is gieater than P,t. than that which wmild correspond 
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to a plane tnrface. It !b» tibAiefiwe, OTidfint that the bases d owr ]l|iiid cylind^ 
miist necessarily be convex, as is shown to be the case by experiment ; for as 
of]nilibiium requires tliat tin; pressures should be the SfMne throughout the 
whole extent of the figure, these bases must produce a greater pressure than 
that which coiTeBponds to a plane sm&oe. 

Our pkme figure, then, foUy Battsfiee theory; but verifieal«i& may be urged 
BtiU farther. Theory allows ns to determine with facility the radius of those 
spheres of wln'cli the bases form a part. In fact, if we roprf;sent this r^u^i^^3 by 
X, the ibrniula (1) of paragraph 4 will give, for the pressure correspoudmg to 
the spheres iu question, 

Kow, as this pressure must be equal to diaft eonespoiidiiig to the ejUndried* 
•Di&ee, we eliall liwro 

horn which we may deduco 

Thus the radius of the curvature of the spherical segments constituting the 
baaea ia equal to Che diameter of the eylmder. 

Heaee» aa we know the diameter, which is the same oa tihat of the soBd 
riaga, we may calculate the height of the spherical segments ; and if by any 

process we afterwards measiiro this height in the liqnkl figure, we shall thus 
have a vcriiication of theory even aa r^fffds the numbers. Wo. shall now 
investigate this subject. 

40. J£ we imagine ibe liquid figure to be Intoieeoted by a meiidional planei 
the section of each of the segments will be an axe belonging to a circle, the 
radius of which will be erpial to 2/, accordiiic^ to what we have already stated, 
and the versed sine of haif this arc will be tbo height of the segment. If we 
suppose the metallic filaments formiug the rings ^o be infinitely small, so that 
each of the segments rests upon the exact circumference of the cylinder, the 
chord of the alMve are will ako be eqwd to 2A; and if we denote the heiglM; of 
the aegmenta by A, we ahatt hnve 

A=a>l(2-V3)=0J868.;L 

Now, the exact external diameter of mv rings, or the value of 2X, correspond* 
ing with my experiments, was 71.4 millimeters, which gives A=s9.d7 millnne- 
tere. Bnt as the metallic wires have a eertain tfalckiiess* and the segments de 
not rest upon the external circumference of the rings, it follows that the chrad 
of the meridional arc is a little less than 2^, and that, consequently, the true 
theoretical height of the segments is a little less than that given by the pre- 
ceding formula. To determine it exactly, let us denote the chord by 2c, wiiidi 
vOlgive 

Now, let us remark that the meridional plane intersects each of the rings in 
two small circles to which the meridioual arc of the spherical segment is tan* 
gential, and upon each pf which the chord of this are intereepta a small dicolar 
eesment. The meridional arc being tangential to the sections of the wire, it 
foIlowB that the above small circular segments are similar to that of the spheri- 
cal segment ; and as the chord of the latter differs but very slightly from the 
radius of the circle to which the are belongs, the chords of the small circular 
Segments may be considered aa e^ual to the ladtna of the small sections, whieb 
radius avc shall denote hy r. It is moreover eWdent that the excess of the ex- 
tmntl radiiia'af^ ling era hsdf the efaoid a Is nottig move than tihe eieeM 
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ti the ladins r over half the chord of the small ckeular segmenta, which half 
ehoidi in accordance with - what we have stated, is eqaal to Thence we 

gBtil— 0=s~r. whenoecassil — ^r, and we have only to eohetitate ^ie value 

m the preceding formula to obtain the tme theoretical vnlne of h. The thick- 

1 

ness of the wire forming my rings is 0.74 millimeterB ; hence r-rssO.lS milli- 

meters, which givee aa the tnie theoretical height of the sogments under these 
ciTcnmstances, 

^ = 9.4G millimeters. 

I may remark that it is difficult to distinguish in the liquid figure the precise 
limit of the Begments, i. c, the circumferences of contact of their aurtac^s with 
those of the rings. To get rid of tiiis incoDvenience, I m^asared the height of 
the segments, conmiendng only at the external planes of the rings,* i. e., in the 
case of each segment, commencing at a plane perpendicular to the axis of revo- 
Intion, and resting njton the surface of thn ring on that Bide which is opposite 
the summit of the gegmuiiL. The quantify thus measured is evidently equal to 
the total height minus the verged slue of iht) small circular segments which we 
liftve eODSidered above ; oonsequently ihese small eircolar segments being sind- 
kir to that of the spherical segment, we obtain ibr the determination of this 

versed sine, which we shall denote hy J] the proportion— which in the 

case of our liquid figure grves ^=^0.05 millimeters, whence 

yte9.41 millimeters. 

This, then, is definitively the theofetieal valneof the q[nantity which was xeqnhred 

to be measured. 

41. Before pointing out the process which I employed for this purpose, and 
communicating the result of the operation, I must prefhce a few important 
TCnuoks. If ue densities of the alcoholie mixture and of the oil nre not rigor- 
ously equal, the mass has a slight tendency to rise or descend, and the height 
of one of the segments is then a littk^ too great, whilst that of the other i? a 
little too small; but we can understand that if their difference is very pmall, an 
exact result may still be obtained by taking the mean of these two heights. 
We ihas avoid part of those preliminary experiments which the establishment 
of perfect equality between the two densities requires. Bat one circumstance 
which reqnures the greatest attention is the perfect homogeneity of each of the 
two liquids. If this condition he vol fullilled with regard to the alcoholic mix- 
ture, i. c, if the upper part of tins mixture be left containing a slightly greater 
proportion of alcohol than the luwer portion, the liquid tigure may appear 
legnlar and present dqoal segments ; ell that is required for this is, that tiie 
mean densi^ of that part of the mixture, which is at tiie same level as die 
mass, must he equal tb the density of the oil; but under these circumstaneeg 
the h'vel of the two segments is too low. In fact, the oil forming- the upper 
Hegmeiit is then in contact with a less dense liquid than itself, and, conse- 
quently, has a tendency to descend, whilst the opporite applies to the oil form' 
me the inferior segment.* Heterogeneity of die liquid, produces an opposite 
e&et, t. e., it renders the height of the segments too great. In fact, the h ast 
dense portions risings to the upper part of the mass tend to lift it up, whilst the 
most denso portions descend to the lower part, and tend to depress it. Now, 

faktentionally prodm ino; very gnat heierogeiwHy hi the alcoholic mixture, W 9 of tho 

a iff nu<nM)ir,) and ompioyiag {tnitnble prccautioiis, a pei&otlj regular Qjliuuer loij be 
tho bases oi' whidi are absolutely plaue. 
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the quantities of pure alcohol, and that at 16° added to the alcoholic mixture 
to balance the mun.^, necessarily produce an alteration in the homogeneity of 
the oil ; for, in the lirst place, the oil during these operations being in contact 
with mixtoreB which are Bonte^mm more, sometimes less charged i^th aleoholf 
must absorb or lose some of this by its surface; in tiie second place, these same 
additions of alcohol to the mixture diminish the paturation of the latter with 
the oil, Bo that it removes some of it from the mass; and this action is undoubt- 
edly not equally exerted upon the two principles of which the oil is composed. 
Hence, berore t^ins the measures, the different parts of the oil mast be inti- 
mately mixed togewer, which ma^ be effected hy intiodadng aa iron spatula 
into me mass, moving it about in it in all directions, and this for a long time, 
because the mixture of tlie oil can only be pecfectlj effiected with great diffi* 
culty on account* of its viscidity. 

To avoid the iuiiueuce of the reactions which render the oil heterogeneous, . 
the onerations mnst he oondneted in the following manner: The mass being 
introduced into the vessel and attached to the two rings* and the equality of 
the densities being perfectly established, allow the mass to remain in the alco- 
holic liquid for two or three days, re-establishing from time to time the equi- 
librium of the densities altered by the chemical reactions and the variations of 
temperature. Aflterwards remove the two rings from the vessel, so that the 
* mass remains free; remove almost the whole of this, by means of a siphon, into 
a bottle, which is to be carefully corked ; withdraw with the syringe the smsU 
portion of oil which is left in the vessel, anrl reject this portion. Next replace 
the tNs o rings, and mix the alcoholic liquid perfectly ; then again introduce the 
oil into the vessel, taking the precaution of enveloping the bottle containing it 
with a cloth several times folded, so that the temperature may not be sensibly 
altered by the heat of the hmd.* Then attach the mass to the lower ring only, 
the nppcr ring being raised as much as possible; mix fhe oil intimately, as we 
have said above ; then dej^ress the upper ring, tause the mass to adhere to it, 
el( vate it so as to form an exact cylinder, and proceed immediately to the 
measurement. 



* The foUowlng is the rouson why the oil must be removed from the vessel before employ- 
ing it for the experiment. After having remained a considerable time in the alcoholic liquid, 
toe oil becomes enveloped by a kind of thin peilicle ; or, more strictly speaking, the super- 
ficial layer of the mass has lost part of its liquidity, an effect Avhiifh undoubtedly arises from , 
tiie unequal action of the alcohol, upon the principles of which the oil is composed. The 
necessary result of this is, that the mass loses at the same time part of its tendency to assUM 
a determinate figure of equllibiiuiii, which teudeucy must, therefore, be completely restored 
to it. This is why the oil is withdrawn by the siphon. In iiact, the pellkle does nut pen^ 
tmte fbe interior vt the latter, and dnrfng its contraction eonUnnes to envelop fhe umu pof^ 
tion romnining; so that after the hittc-r has been removed by the ^Jlhlgeb which nUimstaiSf 
absorbti the peUicle itself, we set completely rid of the latter. 

Before nsmg the siplKm, fb» thiclmess and oonsistenoe of the pelUde are too sSglit to 
enable us distinctly to perceive its prescnco; but when the oi>eration of the siphon is nearly 
terminated, and the mass is thus considerably reduced, we iind that the surface of the latter 
fonns folds, hence implying the eodstenoe of an envelope. Moreover, when the siphon is 
removed, the sniall residuary nms.s, which then remains freely suspended in the alcoholic 
liquid, no longer assumes a spherical form, but retains an irregular aspect, appearing to 
have no tendency to assume any i-egular form. 

This inditlbrenco to assume; fip^ures of oquilibriura, arising from a diminution in the 
• liquidity of the superlicial layer, constitutes a new and curious proof of the fundanioiital 
principle relating to this layer, (vH^ (> f>is and 10 to ItJ.) M. Hagen {M6moirt sitr to Surface 
(Its Liquidcs, in the Memoirs of the Academy of Berlin, 3845) has observed a romarkfiblc 
fact, to which the preceding appears to be related. It consists in this, that the surface of 
water, left to itself ibr some time, undergoes a peculiar modifleati<MD, in consequence of which 
the water then rises in capiUary spaces to elevations which are very distinctly less than is 
the case when its surface is exempt or freed from this alteration. This fact might, perhaps, 
be explained by arlmitting that the water dissolves a small proportion of the substance of the 
solid with which it is in contact, and that the external air acts chemically at the suifsceof 
Am liquid<Hipon the substance dissolved, thus giving rise to the formation of a slight pellicib 
which modifies the effscts of the nudecolar forces. 
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42. Tlie instrament best nuited for effecting the latter operationa in an exact 
maimer is undoubtedly that which has received the name of rathctoincter, and 
which, as is well known, consists of a horizontal telescone moving along a ver- 
tical diTided nde. The distance eomprifled between tne snmnuts of the two 
iegmentB is fiiet measured by the aid of this tnBtrament ; the distance included 
between the external planes of the two rings (§ 40) is then measured by the ' 
game mean?. The difference between the fir.st and tho second result evidently 
givc« the Hum of the two heights, the mean of which must be taken ; and, cou- 
&eq[uently, this mean, or the quantity sought, k— /, i& cq^uai to iiaii the dilier- 
enee in oneetioa. 

The detennination of the distance bet>weeii the external planes of the rings 

requires peculiar precautions. First, as the points of the rings at which we 
must look arc not exactly at the external sui-face of the figure, the oil inter- 
posed between these points and the eye most produce some eii'ects of refraction, 
vhich would introduce a slight error into the yalue obtained. To avoid this 
ineouTenieDce, we need only expose the rings by allowing the fiqnids to esoape 
from the vessel by the stopcock, (note 2 to § 9,) then r^aooTe the minute portions 
of the liquid which remain adherent to the rings by passing lightly over their 
surface a small strip of paper, which must be introduced into the vessel thrcn«'h 
the second aperture. The drops of alcoholic liquid remaining attached to the 
innear sniftee of the interior side of .the vessel must also be absorbed in the 
same manner. In the second place* as it would be difficult for the rings to be 
rigorously parallel, their distance must be measured from two opposite sides 
of the system, and the mean of the two valves thus found taken. The follow- 
ing are the results which I obtained: The mensuration of the distance between 
the summits gave first, in four successive operations, the values 7G.77, 76.80, 
76.85, and 76.75 millimeters, the mean of which is 76.79 millimeters. Bat after 
the aleoliolie liquid bad been again agitated for some time, to render its homo- 
geneity more certani, Uvo new mcasnrements taken immediately afterwards 
gave 77.05 and 77.00 millimeters, or a mean of 77.02 millimeters. The distance 
between the external planes of the rings was found, on the one baud, by two 
observations, which agreed exactly, to be 57.73 millimetexs; on the other hand, 
two observations ftonished the vidnes 57.87 and 57.85 millimeterst or as the 
mean 57.86 millimeters. Taking, then, the mean of these two results, we gei 
^7.79 tnillimeters as the value of the distance between the centres of the ex- 
ternal planes. Hence, if wo assume the first of the two valo^ obtained for the 
distance of the summits, 76.7 D milluneters, we find 

, ^ 76.79 57.79 ^ ^ 
A — /— 2 ~ millimeters ; 

and if from the second result, 77.02 millimeters, we find 

, ^ 77.02 — 67.70 

A — / = g = 9.61 mulixneteis. 

These two elevations evidently differ but little firom 9.41 milllmeterg, the 
altitude deduced from theory, (§ 40 ;) in the first case the difference does not 
amount to, the y^th part of this theore tical vahio, and in the second it hardly 
exceeds i^o^^^'^' T'besc differences undoubtedly arise trum slight remains of 
heterogeneity iu the liquids ; it is probable that in the lirtt case neither of the 
two liquids was absolutely homogeneous, and that the two contrary effects 
which thence resulted (§ 41) partly neutralized each other, whilst in tho second 
case, the alcoholic liquid being rendered perfectly horangeneous, the effect of the 
slight heterogeneity of theoilexcrted its full influence. However this ma}' bo, these 
differences in each case are *o small that wo may consider experiment as in accord- 
ance with theory, of which it evidently presents a very remarkable confirmation. 

43. MatjbematicaUy considered, a cylindrical suzmce extends indefinitely hi 
the direction of the axis of revolution. Hence it follows that Ae cylinder 
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included between tbe two rin^s constitute?! one portion only of the complete 
tigure of equilibrium. Hence also, if the liquid ma^s were free, it could not 
•assume the cylindrical form as the figure of eq^uilibriuin; for the volume of this 
suifl being limited, it voiild be necesgary that the cylinder shoiild be tesrad' 
aated on both sides by portions of the surface presenting other curvuturee, which 
would not admit of the law of continuity. But this heterogeneity of curvature, 
which is impossible when the mass is free, becomes realizable, as our experi- 
mentf show, through the medium of solid riugs. As each of these renders the 
curvatureci of the portions of the gurfiice ree>liug upou it (§ 20) iudependent of 
each oliher» the snnhoe oompiised between the two rings may then hie of cjlin- 
drical cnrvature, whilst the two bases of the figure may present spherical 
curvatnre?. AVe therefore airive at the very remarkable result, that with a 
liquid mass of § limited Toliime we may obtain isolated portions of jfigures of 
equilibrium, which in their complete biate would be extended indefinitely. 

44. With the view of obtaining a cylinder in which the proportion between 
Ibe height and the diameter was Btill greater than that in Fig. 23» I replaced 
the rings previonaly employed by two others, the diameter of whicli "was only 
2 centimeters. I fir^t tried to ma^e a cylinder 6 centimeters in height, i. e., the 
height of which was thrice the diameter; and in this np( ration 1 adopted a 
slightly different process from that of paragraph 38. The uniformity in the 
density of the two liquids being aceimitely establiehed* I first gave the mass of 
oD a somewhat larger volume than that which the cylinder would contain; 
having then attached the mass to the two grings, I elevated the upper ring until 
it was at a distance of 6 centimeters from the other; this distance was measured 
by a scale intrndticed into the veBf»el and kept iu a vertical position by the side 
of the liquid, ligure. In coubcqueuce of the excctid of oil, ihc meridional line of 
the figure was convex externally; and as there was still a slight differenoe 
between the densities, this convexity was not symmetrical in regard to the two 
rings. I corrected this irregulai ity by successive additions of pure alcohol 
and alcohol of 16"^, an operaLiun which requires great circumspection, and 
towards the end of which these liquids could only be added in single 
J^M 2S. drops. The figure being at last perfectly symmetrical, 1 carefully re- 
moved the excess of oil by applying the point of the syringe to a pouit 
at the equator of the mass, and in this manner I obtained a pOEfect 
cylinder. Subseri)iently. after having added some oil to the mass, I 
increased tlie distance between the rini;;s until it was equal to 8 centi- 
meters, i. e., to four times their diameter. The oil was in sufficient 
I quantity to allow of the meridional line of the figure bemg convex ex- 
I temally ; but the curvature was not perfectly symmetrical; and I ^ 
\ j countered still greater difficulties in regulating it than in the preceding 
\ ^ case. The defect in the symmetry being ultimately corrected, the meri- 
~ — dional convexity pri ;^ented a versed sine of about 3 millimeter?, (Fig. 25.) 
I then proceeded tcr tlie removal of the excess of oilj but before the versed sine 
waa reduced to S miUimeters, the figure appealed to have a tendency to becomu 
thin at its low( r part and to swell out at the upper part, as if the oil 
J|pt 2S. had suddenly become slightly increased in density. At this moment I 
withdrew the syringe, so as to be enabled to observe the effect in ques- 
tion better; the change in form then became more and more pronouaced; 
the lower part of the figui-c soon presented a true strangulation, the 
neck of which was situated nearly at a fourth part of the distance he- 
twecn the rings, (Pig. 26;) die constricted portion continued to narrow 
grndually, whilst the upper part of the figure becarae swollen ; finallyi 
the liquid separated into two unequal masses, which remained respect- 
ively adherent to the two rings| the upper mass Ibrmed a complete 
sphere, and the lower mass a doubly convex lens. The whole of 
phenomena lasted a vciy short time only. 
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With a \ \vw to detenniue whether any partiotilar oauBo had iu reality pro* 

duced the alteration of the densities, I approximated the rings; then, aftez 
having rcnnitfd the two liquid masaoif, T a^ain carefully raised the npper rin<^, 
ceasitig at the height oi' 7^ ceutiiaettiitf, so that the versed ^^ine of the uicri'lional 
convexity was slichtly greater thjm when this was 8 ceutiuiJtiterB. The hgur« 
wwthen found to oe perfectly Bynunetricalj and it did not exhibit any tendency 
to deformity ; whenee it follows that the nnifSmni^ in the densities had not 
experioncod any appreciahh; alteration. I recommenced, with .«till ranre care, 
the experiment witli that ii;;ure which wm 8 ceutimeters in height; and 1 was 
enabled to approach the cylindrical Ibrm still more nearly ; hut hefore it wag 
attained* the same phenomena again presented themselvest except that the 
alteiation in form was efl^ted in an inverted manner, t. e., the figure became 
narrow at Uie upper part and dilated at the base ; so that after the separation 
into two masses, the perfect spliere existed in the lower ring and the Ions in the 
upper ring. On subsequently uniting, as Ijefore, the two masses, and placing 
i the rings at a distance of 7^ ceutimeters apart, the ligure was again obtained in 
a regular and permanent form. Thus when we try to obtain between two solid 
rmgs a liquid cylinder the height of which is four times the diameter, the figure 
always breaks up ppontaneously, without any apparent cause, even before it 
has attained the exaetly c} Iiudrical form. Now ha the cylinder is necessarily a 
figure of equilibrium, whatever may be the proportion ot the height to the 
diameter, we must conclude that the equilibrium of a cylinder the height of 
which is foor times the diameter is tmatable* As the shorter cylinders which I 
had obtained did not present analogous effects, I was anxious to satisfy myself 
whether tlie cylinders wore reallv stable. I therefore a^ain formed a cylinder 
6 centimeters in height with the same rings; but this, when lel'l to itself for a 
full half hour, presented a trace only of alteration in form, and tliis trace an- 
* pencd about a quarter of an hour after the formation of the cylinder, and did 
not snbseqnently increase, which shows that it was due to some slight accidental 
cause. 

The above fact? lead us then to the following conclnsions : that the cyl- 
i inder constitntcp a figure the e(|nilibrinm of which is stalile m hen the proportion 
I between its height and its diameter is equal to '3, aud wiih still greater reason 
' when this proportion is less than 3 ; 2d, the cylinder constitntes a figure the 
eqiuHlnrinm of which is unstable when the proportion of its height to its diameter 
is equal to 4, and with still greater reason when it exceeds 4; 3d, consequently 
there exists an intermediate relation, which corresponds to the passage from 
iitability to instability. shall denominate this latter proportion t/t£ limit of 
the stability of the cylinder, 
I 45. These eondnsions, however, are liable to a weIl>founded objection. Our 
hqnld fignre is complex:, because its entire surface is composed of a cylindrical 
portion and of two portions which present a spherical curvature. Now we can- 
not alllrm tliat tliese latter portions exert no influence upon the stability or the 
I iuji Lability of the intermediate portion, and consequently upon the value of the 
proportion which constitutes the limit between these two states. To allow of 
the preceding conclusions bdng rigorously applicable to the cylinder, it would 
be requisite that the figure should present no other free surfisuse than the cylin- 
drical surface, which is easily managed hy r»']»lacing the rings by entire dit^ks. 
I effected this substitution by employing dislis of the same diameter as the ])re- 
cetiiug rings, but the results were not changed ; the cylinder, 6 centimeters in 
height, was well formed, and was found to be stable; whilst the figure 8 centi-* 
meters in height began to change before becoming perfectly cylindrical, and was 
rapidly destroyed. The final result of this destruction did not, however, consist, 
j as in the case of the rings, of a perfect sphere and a double convex lens, but, 
i as evidently ought to have been the case, of two unequal portions of spheres, 

17 8 
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respeetively adherent to the two opposite MUd waachcm, The ISxnit of l3n 
itabilitj of the cylinder, therefore, really lies between 3 sod 4. 

The experiments wliidi wo have just related are very delicate, and require 
some ekill. In tliis, a.-* in all other cases^ of measurements, the oil mu'5»t be 
allowed to remain in the alcoliolic mixture for two or three days, then the pel- 
licle must be removed from it, (note to p. 251;) aftenrards, when the mam, 
afi;er having been again introduced into theTeseel, lias been attached to the two 
solid disks, some time must be nllow^cd to elapse in order that the two liquids 
may be exactly at the same temperature ; moreover, it must be understood that 
the ex^Kjriinents sliould be made in an apartment the temperature of which 
remains as constant as possible. Lastly, it is scarcely necessary to add, that 
when the aleoholie liqvid ia mixed, after having added small mumtilaeB of pue 
aleohol or alcohol at 16'^, the movements of the spatula should be veij alow, so 
as to avoid the communication rtf too much af^itatiou to the maps of oil ; we are 
even Homelimes coni]»eilod momentarily to depress the upper disk, so as Uy give 
greater stability to the mass, and thus to prevent the movements in question from 
^dneing the dianmoiL 

46. It might he aaked whetiber the want of e ym me try , which !b oonstsntlT 
seen in the spontaneous modification of the above unstable figures, is the result 
of a law which p!;ovcms tlie?e fi^ires ; or whether it simply arises, as we phould | 
be led to beli(^ve at firr^t sifjlit, from imperceptible differences still exi.stiug be- ' 
tween the densities of the two liquids, which di^'erences acting upon unstable ligured 
mi^t prodnce dils want of symm^ay, notwitfastandhig their extreme miniitmieBB. I 

After having concluded the preeeding experiments, I imagined that to solve 
the qneption in point, tU that would be requisite would be to arrange matters bo i 
that the axis of the figure, instead of being vertical, as in the above experiments, 
should have a horizontal direction. In fact, in the latter case, the slightest, 
difference between the densities ought to have the effect of slightly curving the * 
figure, bnt evidentlj cannot give Sie liquid any tendency to move in g^oater { 
quantity towards one extremity of the figure than the otheiF; whence it Allows, \ 
tnat if the spontaneous nltcrnfinTi of the fignre atfll oecvss luisymnietrieai^> 
this can only be owing to a peculiar law. 

On the other hand, if the figure really tends of itself to change its form un- 
symmetrically, it ia dear that, in the case of the vertical position of the aii4» 
the effect of a trace of difference between the denaitiee onght to concur with that 
oi the instability! and thns to accurate the moment at which the figure godbp 
mences to alter spontaneously. Consequently, on avoiding^ this cxtraneoas 
cause by the horizontal direction of the axis of the figure, we may hope to 
approximate more nearly to the cylindrical form, or even to attain it exactly; 
we can, moreover, nnderstaad that the diflleol^ In tihe operatiooB will be finmd 
to be considerably dhninnbed. 
I therefore conatnMted • solid system, prescntiiig two vertical disks of the 

same diameter, placed parallel with each 

@ other, at the same height, and opposite 
eadi other. Each of those disks is sup- 
ported by an iron wire fixed normally 
to its centre, then bent vertically down* 
wards, and the lower extremities of 
these two wires arc attached to a liori- 
zontal axis furnished with four small 
feet This system is represented ia 
perspective in Pig. 27. The diameter 
of the disks is 30 millimeters, but tlie 
distance M-liich separates tliera is not 
four times this diameter, i Liioughtthat 
by approximatmg the figure more to the limit of stabiliiy, the operations 
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would reqiifre stiV less trouble; the difltence in qnestioa is only 108 mOlime* 

ters, i?o that the relation between the lengtb and die ^ametev of the liquid 

cylinder which would extend between the two disks would be equal to 3.6. 

Wc shall now detail the rcsnlfs obtained hy tho employment of this system, 
lu the fir^t place, the operations were much more ea?iily performed.* In the 
eecond place, the figure still had a tendency to deformity before it hiid been 
Tendered perfectly cylindrical ; but this tendency always exhibited itaelf unsyni' 
metrically, as in the Tertieal figures'; from which circumstance alone we might 
conclude that the nnsymmetrical nature of the phenomenon is not occar^ioued by 
a difference between the densities of the two liquids. In the third place, by a 
little management, I have pursued the experiment further, and succeeded in 
forming an exact cylinder.f This lasted for a moment ; it then began to be 
narrowed at one part of its length, becoming dilated at the other, like the verti- 
cal figures; and tlie phenom^on of disunion was completed in the same manner, 
giving ripe ultimately to two masses of different volumes. 

I repeated the experiment several times, and always with the same results, 
except that the sepjiration occurred sometimes on one, sometimes on the other 
side of the middle of the length of the figure. However, although the phe- 
nomenon is produced in an unsymmetrical manner with regard to tihe middle of 
the length of the figure, whether horizontal or vertical, on the contrary there is 
always symmetry with regard to the axis ; in other words, throiij^hont the dura- 
tion of the phenomenon the figure remains constantly a figure of rcvoluliou. 
We may add here, that in the horizontal figure the respective lengths of the 
constrieted and dilated portions appear to be equal ; we shall show, in the fol- 
lowing series, that this equality is ngorously exact, at least at the commenoement 
of the phenomenon. 

It is now evidetit that the alteration in the form of these cylinders is really 
* the result of a property which is inherent in them. We shall hereafter deduce 
this property as a necessary consequence of the laws which govern a more 
general phenomenon. 

It moreover results from the above experiment that the proportion 3.6 is still 
greater than the limit of Ftability, so that the exact value of the latter mn?t lie 
between the numbers 3 and 3.6. It is ob\'iou8 that this method of experiment 
might be employed to obtain a closely approximative detcrmimiiion ot the value 
in qnestkm ; I propose doing this hereaner, and I diall give an account of the 
result in the following svrws, when I shall have to return to the question of the 
Kmit of stability of the cylinder. 

47. Tn the nn^tablo cylinders which we have just formed, the proportion of 
the length to the diameter was inconsiderable; but what would be the case if we 
were to obtain cylinders of great length relatively to their diameter? Now, 
under certain circumstances, figures of this kind, more or less ezaetly cylindri- 
cal, may be raised, and a\ e shall proceed to see what the results ox iae spon- 
taneous rupture of equilibrium are. 



* The two disks in this koI'kI system being placsed at an invaxiable distance from each 
ofher, it is nMwsarj, in making^ a mass of oil, tne Toliims of whkh is not too great, adhere 

to them, to employ an oxtm piece consisting of a rino; of iron w ho nf t!io same diameter as 
the disks, supported hy a straight wire of the same metal, the free extremity of which is held 
in the ttand. By means of tliM ring the mass, which has been preriouly attached to one of 
tlio rliskn, is dr.nvii onf until it is ei^ualiy attached to the other; tha nnv h tben removed. 
The latter romoves a Huiall portion of tlio mass at the same time ; hut on leaving the vessel it 
J cpw wM this portion in the alcoholic liquid. It is then removed hy means of the sjringe. 

t To eficL-t tlii.-i Ibe following ])roLC( ding must be adoiitod for tln» removal of the excess of 
oil. The operation is at first cariicd on with a suiubiii rapidity until the figm« begins to 
alter in fbnn$ tiio end of the point of the syringe is then drawu t^mtly along the upper part 
of the mass, proceeding from trie tbiekest to tb;> other portion. This sligbt action ia sufiScient 
to move a minute quantity ot oil towards the latter, and thus to re-establiali thesymmetrr 
of the figure ; a new absorption is then made, the figure again regulated, aad tiuM prooeedU 
ings are oontinaed nntil the exactly (ylindrical foon la ftfetninfld. » 
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A fact whicli I described in paragrapb 20 of the preceding memoir, and wbich 
I shall now describe more in detail, affords us the means of obtain i?>!r a cylinder 
of this kind, and of observing its spontaneous destruction. W htu ^ome oil h 
mtroduced by means of a small funnel into an alcoholic mixture containing a 
slight ezcesB of alcohol, and the oil is poured in sufficiently qnick to keep the 
ftinnel l^ill* the liquid fi>nn8« between the point of the funnel and the bottom of 
the vessel where fne muff* colloct?, a lonpr train, ilir diametor of \\ bicli continues 
to increase slightly from tlie upfu r to the Iowit part, t^o as to form A kind of 
very elongated cone, which does not difier much from a cylinder.* This nearly 
cylindrical figure, the heightof which is considerahle in proportion to the diameter, 
remains without undei^oiug any perceptible alteration so long as the oil of which 
it consists has sufficient rapidity of transference ; but when the oil is no longer 
poured into tho fnnnol, and consequently tlic motion of trnnsft^rence is retarded, 
the cylinder is tsoon seen to renolve itseff rapidly into a series of spheres, which 
are pertectly equal in diameter, equally distributed, and with their centres 
arranged npon the right line forming the axis of the cylinder. 

To obtain p( rfcct .^^ncct ss. the elements of the experiment should be in certain 
proportions. The orifice of the funnel which 1 used was about Sinillimeters in 
diamftcr, and 11 centimeters in height. It rested npon the neck of a large 
bottle co*ifaimug the alcoholic mixture, and it« orifice was plunged a few miili- 
. meters only beneath the surface of the liquid. Lastly, the length of the cylinder 
of oil, or . the distance between the orifice and the lower mass, was neaily 20 
centimeters. Under ther^e circnniHtances, three spheres were constantly formed* 
the npper of which remained adlicrent to the point of the funnel; the latter was 
therefore incomplete. We may add, that the excess of alcohol contained in the 
mixture should neither be too great nor too small ; the proper quantity is found 
by means of a few preliminary trials. 

48.. The constancy and regularity of the result of this experiment complete 
ihen the proof that the phenomena to which the spontaneous rapture of equilib- 
rium of an unstable liquid cylinder gives rise are governed by determinate laws. 

In this same experiment, the transformation endues too rapidly to allow of its 
phases being well observed ; but the phenomena presented to ua by larger and 
fn» elongated cylinders, t. e., the foMnation of a dilatation and conatrietion ia 
juxtaposition, and equal or nearly so in length, the gradual increase in thickness 
of the dilated portion and the simultaneous narrowing of the constricted portion, 
^c . aufliorize ns to conclude that in tlto case of n cvHnder the len*rtli of wbich 
is considerable in proportion to the diameter, the t'oUowing order ol' things takes 
place : the figure becomes at fir^^t t^o modified as to present a regular and unilonu 
Buccession of dilated portions, separated by constricted portions of the same 
length as the former, or nearly so. This alteration, the indicatilonB of which 
are very slight, gradually becomes more and more marked, the constricted por- 
tions gradually becoming narrower, whilst the dilated portions increase in thick- 
ncsis, the figure remainiug a figure of revolution; at last the constrictions break, 
and each of the various parts of the figure, which aic thus completely isolated 
firom eaeh oilier, acquire the spherical form. We must add, that the terminatioD 
of the phenomenon is accompanied by a remarkable peculiarity, of which we 
have not yet spoken ; but as it only constitntcs, fo to speak, an accessory por- 
tion ol' the general phenomenon, we shall transfer the descriptioa of it to a 
subsequent part of this memoir, (see § 62.) 

4d. It might be asked irhy, in the expcariment which we have last described, 
the cylinder is only resolTcd into spheres when the rapidity of the tamsferenc-ii 
of liquid of which it is composed is diminished. In fact, we cannot understand 
how a motion of transference could give stability to a liquid figure which in a 



* The slight increase in diameter depends upon the retardation which the resistauce of tbe 
sunranding liquid ooessknis In Uia movMneok of Ihs oiL 
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ptnto of rpposf was tin^table. In oxplaininj:^ thi^ apparent peculiarity, we must 
remark that, as the »poataneou6 truudformatiuii of aii unstable cjliuder is effected 
under the action of eontmued forces, the rapidity with whidbi the phenomenon 
occurs ought to be aceelerated ; this may be, moreover, casOy verified in experi> 
ments relating to larger and less elongated cylinders; this Bnme rapidity ou^t, 
tbereforo idways to ne very rainute at the coram«»ncement of the phenomenon. 
Now, iu tho case iu qnc 'finn, a^ the changes iu ligure occur in the liquid of the 
cylinder whilst this liy^uul in animated by a movement of transference, it is 
evidenti from what we have stated, that if this movement of transference is 
Buffieiently rapid, the changes of form could only acquire a very slightly marked 
development during the paiisage of the point of the funnel to the mass accumu- 
lated at the bottom of the vessel ; so that, the liquid being continually renewed, 
there will be no time for any alteration in form to become very perceptible to 
the eye. Hence, so long iis the rapidity of the flow is sufficiently great, the 
liquid figure will appear to retain its almost cylindrical fonn» although its length 
is considerable in comparison with itn diameter. On the other hand, when the 
velocity of th(! transference is sufficiently small, there will be time for the 
alterations imform to take })lac(; in a peiiect manner, and we shall be able to 
see the cylinder resolve itself into spheres throughout the whole of its length. 

50. We shaU now describe another method of experimenting, whi<?h ^lows 
OS to observe the result of the traneformatioo under less restrained and more 
FQgnlar conditions in some respects than those of the precedmg experiment, and 
which will, moreover, lead us to new consequences as ref]^ard!* the laws of the 
phenomenon. We ^'llall tirst succinctly describe the apparatus and the opera- 
tions, and afterwaids add the necessary details. 

The principal parts of which the apparatus consists ore; lst> a rectangpilar 
plate of p]ate>glass, 25 eeniameters in length* and 20 in breadth; 2d, two strips 
of tho same glass, 13 centimeters in length, and ^ millimeters in thickness, 
perfectly prepared and polished at the edjs^eB ; .3d, two end? of copper wire, 
about 1 millimeter in thickness, and 5 centimeters in length ; these wires should 
be perfectly sti-aight, and one extremity of each of them should be cut very 
accurately, then can^nlly amatgamated. The plate being placed horisontally* 
the two strips are laid flat upon its surface and parallel with its long sides, so 
as to leave an interval of about a centimeter hetween tliem ; the two copper 
wires are then introduced into this, placing them iu a right line in the direction 
of the length of the strips, and in such a manner that the amalgamated extremi- 
ties are opposite to, and a few centimeters distant from, each other. A globule, 
of very pure mercury, from 5 to 6 centimeters in diameter, is next placed be- 
tween the same extremities; the two strips of glass are then approximated 
until they touch the wires, so a? only to leave lietween them an interval equal 
in width to ilut diameter of these wires. The little mas.s of mercury, lieing 
thus compresbiid laterally, necessarily becomes elongated, and extends on both 
aides towards the amalgamated surfaces. If it does not reach them, the wires 
tre made to slide towards them until contact 2nd adhesion are established. 
The wires are then moved in opposite directions, fo as to separate them from 
each other, which again produces elongation of tht; little liquid mass and dimi- 
nution of its vertical dimeubious. By proceeding carefully, and accompanying 
the operation with slight blows given with the finger upon the apparatus to 
facilitate the movements of the mercury, we succeed in extending the little 
mass until its vertical thickness is everywhere equal to its horizontal thickness, 
/. e., to that of the copper wires. Thus the mercury form?' a li(juid wire of the 
same diameter as the solid wires to which it ia attached, and from 8 to 10 cen- 
timeters in length. This wire, considering the small size of its diameter, which 
renders the action of gravitation insensible in comparison with that of molecular 
attraction, may be considered as exactly cylindrical; so that in this manner we 
obtain a liquid cylinder, the length of which is from 80 to 100 times its diame- 
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tar, and attached hy iti eKtnmities to solid parts, which cylinder preserves its 
fonn 80 long as it remains imprisoned between the strips of glass. Weights are 
next placed upon the uMts oi" tlie two copper wires which ])r()j(!ct beyond the 
extremities of the bauds, so as to main tain those wircB in lirm noBitious ; lastly, 
by means which we shall |M)h(it out presently, the twa strips oi glass are raised 
' Tertically. At the same instant, Uie liquid cylinder, heing liberated firom its 
shackles, becomes transformed into a numerous Beries of isolated Hj)heres, ar- 
ranged in a t^trai^ht iiiif; in the direction of the cylinder from which they origi- 
nated.* Ordiuiuily the regidaaiiy of the bybtem of spheres thus obtained is 
not perfect ; the spheres present differences in their respectiye diameters and m 
the aistancee wWSk separate them; this nndoahtedly arises from slight aeel- 
dental eanseSy dependent upon the method of operation ; but the differences are 
sometimes so small that the regularity may be coii>«idercd as perfect. As 
regardrf the number of sphered corre:ipon(lini^ to a cylinder of determinate 
length, it varies in dijQercnt experiments ; but these variatious, which are also 
dne to slight accidental caases, are comprised within very small limits. 

51. Let us now complete the description of the apparatus, and add sonM 
details regarding the operations. As the plate of glass requires to be placed in 
a perfectly horizontal position, it is supported for this purpose upon four feet 
with scfews. A Braall tran.-Jvertc strip of thin paper is glued to each of the 
extremities of the lower suiface of the strips of glass, in tiuch a manner th^t the 
Strips of glass resting upon the plate through the mediom of these smali pieess 
of paper, their lower suifaoe is not in contact with the surface of ihe plats. 
Without this precaution, the strips of glass might contract a certain adhesion to 
the plate, "which ^vould introduce an obstacle when the strips are raised vertically. 
Moreover, the latter aie furnisihed, on their upper burface and at a distance of 6 
millimeters from each of their extremities, with a small screw placed TerticaDy 
m the glass with the point upwards, firmly fixed to it widi mastic, tnd rising 8 
mUlimetera above its surface. These four screws are Idr the purpose of receiving 
the nuts which fix the strips to the syi'tem by means of wliich tiiey are elevated. 
This system is made of iron; it conei^ts, in the tirt^t place, of two rectangular 

Slates, 65 millimeters in length, 12 in breadth, and 3 in thickness. Each of 
lem is pierced, perpendieularly to its laige suribcos, by two holes, so situated, 
that on placing each of these plates transversely upon the extremities of the two 
strips of glass, the screws with which the latter are furnished fit into these four 
holes. The screws being long enough to project above the holes, nut^! may 
then be adapted to them, m that on screwing them the strips of glass became 
" fixed in an. iuvaiiuble posiliou with regaid to each other. The holes are of an 
Ungated fonn in the direction of the length of the iron- plates ; hence, sfler 
haying loosened the nuts, the distance hetween the two strips of glass may bo 
increased or diminished without the necessity of removing the plates. A vertical 
axi 5 centimeters in height, is implanted upon the middle of the upper surface 
of each of the plates ; and the upper extremities of these two axes are connected 
hy a horizontal axis, at the middle of which a third vertical axis commences ,* 
this is directed upwards, and is 16 centimeters in length. The section of tlis 
latter axis is square, and it is 5 millimeters in thickneiM. When the nuts are 
screwed np. it is evident that the r^trips of glass, the iron plates, and the kind 
of fork whicii connects them, constitute an invariable system. The long vertical 
axis serves to direct the movement of this system ; with this view, it passes 
with vwf slight firietion through an ^erture of the same section as its^, and 
5 centimeters in length, piercedin a piece wliich is fixed very fimdy hy a snitable 
support 10 centimeters above the plate 4^ glass. Lastly, the perforated piece 
is provided laterally with a thumb-screw, which allows the axis to be screwed 



* We maj remark that the conversioii of a metallic wire into gioboles by the electric di4- 
chsigs BMistundcwbtsd^y b» le&nsd to tito sauiB ordar of phsnomBBa. 
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Into the tube. By this aamuDgement, if all parts of the appazatus have been 

carcftillj finished, wlinn once tlie little nuts have been screwed up, the two 
strips of glass can only move simviltaneously in a parallel direction to each 
other, and always identically in the same direction perpendicular to the plate 
of glaaa. When die liquid cylinder is well formed* and the weights are pUced 
npon the free portions of the copper wires, the finger is passed under the bori» 
eontal branch of the fork, and the movable system is raised to a suitable dis- 
tance above the plate of <,4a».s ; it is then maintained at this height by means 
of the thumi)-t'cit3W, so as to allow the result of the tninaforraation of the cylin- 
der to be obderve^L As the amalgamation of the <*,opper wires always extendi 
slightly upon tiiehr convex snrfaee, the latter is coated with yamlsb, so that 
the amalgamation only occurs upon the small plane section. It would be 
almost impossible to judge by simple inspection of the exact point at which the 
separation of the copp*'r wires from each other, to allow of the liquid attainiu<; 
a cylindrical form, sliauid be discontinued. To avoid this difficulty, the length 
of the cylinder is given beforehand, and this length is marked by two mint 
scratches npon the lateral sur&ee of one of the strips of glass ; the weight of' 
the globule of mercury, which is to form a cylinder of this diameter and of the 
length required, is then dciterrnined by calculation from the known diameter of 
the wire; lastly, by means of a delicate balance, the globule to be used in the 
experiment is made exactly of this weight. Ail that then remains to be done 
J8 to extend the little mass ntitil the extremities of the copper wnes between 
which it is indnded have reached the marks traced npon the glass. Lastly, in 
making a series of experiments, the same mercury may be used several timea 
if the isolated spheres are united into a single mass at thfi end of each observa- 
tion. However, after a certain number of experimentij, the mercury appears to 
loi^e iia iluidity, and the mass always becomes disunited at some point, in spite 
of all possible precautions, before it has beetnna extended to the desired length, 
which phenomena arise from the solid wires imparting a small quantity of eop- 
per to the mercury. The latter must then be removed, the plates of glass and 
the .strips cleaned, and a new globule taken. The amalgamation ot' the wires 
aibo sometimes requires to be renewed. 

62. By means of the above apparatus and methods, I have made a series of 
experiments npon the transformation of the cylinders ; but before relating the 
leaolta, it is requisite for their interpretation that we ahonld examine the ph»> 
nomenon a little more closely. 

Let us imagine a liquid cylinder of considerable length m proportion to its 
diameter, and attached by its extremities to two solid bases ; let us suppose 
that it is effecting its ttansformalaon, and let ns eonsider the figvre at a period 
of the phenomenon anterior to the separation of the masses, i. e., when this 
figure is still composed of dilatations alternating with constrictions. As the 
surfaces of the dilatations project externally from the primitive cylindrical pnr- 
face, and thof-e of the constrictions on ihe contrary are internal to this ^ame 
sorface, we can imagine in the ii^ure u i»eries of plane sections perpcuuicuiar tu 
fhe axis, and all having a diameter equal to that of the cylinder; tibese sections 
will evidently constitute the limita which sepaiate the dilated from the con- 
stricted portion, so that each portion, whether constricted or dilated, will be 
terminated by two of them ; moreover, as the two solid hnsuB are necessarily 
part of the sections in question, each of these bases should occupy the veiy 
extremity of a constricted or dilated portion. This being granted, three hypo- 
theses present themselves in regard to these two Mrtions St the figure, «. i., to 
those wnich rest respectively upon each of the solid basee. In the first place, 
we may suppose that both of the portions are expanded. In this case each of 
the constrictions will transfer the liquid which it loses to the two dilatations 
immediately adjacent to it ; the movements of transport of the liquid will take 
place in the same manner thmn^ont the whole extont of the figure, and 
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transformation will take place witli perft ct regularity, giving rise to isolated 
spheres exactly equal in diameter, and at equal dl^tauct 8 apart. This regu- 
larity will not, however, extend to the two extreme dilatations ; for as each of 
these is terminated on one side by a solid Bux&cet it will only reedve liqiud 
from the eonstriction which is situated on the other side, and will, thcrerore, 
aeqnire less development than^ the intermediate dilatationB. Under these cir- 
cumstance?, then, after the termination of the phenomenon, -^-e ought to find 
two portions of j^plicrcs respectively adherent to two solid l»aset«, each present- 
ing a slightly less diameter than that of the isolated s|>here:i airauged between 
them. 

In the Becond place, we may admit that the terminal portions of the figure 
are, one a constriction and the other a dilatation. The liquid lost by the first, 
not being then able to traverse the Folid base, will necessarily all be driNcn into 
the adjacent dilatation j so that, as the latter receives all the liquid necessary 
to its development on one side only, it will receive none from the opposite side i 
eonseqnentlj all the liquid lost hj ihe second constriction will flow in the same 
manner into the second dilatation, and so on tip to the last dilatation. The 
fli^^rribution of the movements of transport will, therefore, still . be rej^nkr 
throughout the figure, and tlie transformation will ensue in a perfectly rc^'ular 
manner. This regularity will evidently extend even to the two terminal por- 
tions, at least so long as the constrictions have not attained tiieir greatest 
depth ; hnt heyond that point this will not exaiSdj be the case, for independ- 
ence being then established betw c en the masses, each of the dilatations, except- 
ing that which rest? upon the solid base, will enlarge simultaneously on both 
sides, so as to })a?s into the condition of the if^olated sphere, by aj)propriating 
to itself the two adjacent semi-constrictions, whilst the extreme dilatation can 
enlarge on one side. Consequently, after the tennination of the phenomenon, 
we shonld find, at one of the solid bases, a portion of a sphere of bat little less 
diameter than that of the isolated spheres, and at the other base a much smaller 
portion of a sphere, axising irom the semi-conslriction which has remained 
attached to it. 

Lastly, in the third place, let ns suppose that the terminal portions of the 
figure were both constrietioiiB, in which case, after the tennination of the phe- 
nomenon, a portion of a sphere equal to the smallest of the two above would 

bf> left to each of the solid bases. In this case, to be more definite, let us 
start irom one of these terminal constrictions ; for instance, that of the left. All 
the liquid lost.by this first constriction being driven into the contiguous dilata- 
tion, and being sufficient ifor its devdopment, let ns admit that aU the liqitid 
lost hj the second constriction idso passes into the second dilatation, and so 
on ; then all the dilatations, excepting the last on the right, will simply acquire 
their normal development; but the right dilatation, which, like each of the 
others, receives from that part of the constriction which precedes it the quan- 
tity of liqnid necessary lor its development, receives in addition the same 
quantity ot liquid firom that part of the constriction which is applied to the 
a^jAoent solid, so tfiat it will be more Tolnminous than the others. Hence it is 
evident, in the case in point, that the opposed actions of the two terminal eon- 
Btiictiohs introduce an excess of liquid into the rest of the figure. Now, what- 
ever other hypothesis may be made respecting the distribution of the move- 
ments of transport, it must always happen either that the excess of volume is 
■imnltaneonslj distributed over all the dilatations, or tha£ it only augments the 
dunensions of one or two of them ; but the former of these suppositions is 
evidently inadmissible, on account of tin; cf)mj)lication which it would require 
in the movements of transport ; hence we must admit th(- second, and then the 
isolated spheres will not all be equal. Thus this third mode of transformation 
would neoessarilj of itself induce a cause of irr^^olaritj; and, moreover, it^ 
would not allow of a nmfoim distribution of the moTements of transport* be-* 
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cringe tliore would be opposition in, r^ard to thoBe movementB, at leiuit in the 

termiiKiJ constrictions. 

It may, theret'orc, be regarded &6 very probable that tLe tranafonnation takes 
place according to on64>r the other of the two first methods, and never accord- 
ing to the thira, t. e.» that things will bo so arranged that the figure which is 

trauBforined may Lave for its termiual portions either two dilatations, or one 
constriction and one dilatation, but not two conf^trictions. In the ioimi r cane, 
as we have seen, the movement of the liquid of all the constriction:* would 
ensue on both sides simultaneously ; and in the second this movement would 
occur in all in one and the same direction. K this is really the natural arrange* 
ment of the phenomenon, we can also understand how it will be preserved even 
^vlicu it is disturbed in its icfrulai ity by slight extraneous causes. ^sOw, ihi.s, 
a.H wc; £>haii see, is confirmed by the experiments relating to the nu rcurial 
cylinder. Although the transformation of this cylinder has rarely yielded 'a 
perfectly regular system of spheresi I have fi»nnd in the great majority of the 
results either that each of the soild bases was occupied by a mass little less in 
diameter than the isolated spheres, or that oiw of tne bases ^as occupied hy m 
mass of this kind and the othr r by a much sinullor mn?s. 

53. For tbo sake of brevity, let us denominate divisions of the cylinder those . 
portions of the iigure each of which furnishes a sphere^ whether we consider 
these portions in the imagination as in the cylinder itselfi before the com- 
mencement of the transformation, or whether we take them during the accom- 
plishment of the phenomenon, {. e., during the modifications which they undergo 
in arriving' at the Bpherical form. The length of a division is evidently tliat 
distance which, during the transformation, is comprised between the necks of 
two adjacent constrictions ; consequently it is eijual to the sum of the lengths 
of a dilatation and two semi-constrictions. Let ns, therefore, see how the 
length in question, i. e., 0iat of a division, may be deduced from the result of 
an experiment. Let us suppose the transformation to he perfectly reg:ul;ir, and- 
let )~ be the length of a division, / that of the cylinder, and n the number of 
isolated spheres found alter the termination of the phenomenon. Each of these 
spheres being furnished by a complete division, and each of the two terminal 
masses by part of a division, the leugth I will consist of n times A, pins two 
fractions of To estimate the values of these fractions, wo must recollect 
that the length of a constriction is exactly or apparently equal to that of a dila- 
tation, (§ 4(>;) now, in the first of the two normal cases, (§ 52,) /. e., vrlum the 
masses remaining adherent to the bases after the termination of the phenomenon 
are both of the large kind, each of them evidently arises from a dilatation pine* 
half a constriction, therefore three-fourths of a division ; the sum of the lengths 
of the two portions of the cylinder which have furnished these masses i^, ^there- 
fore, equal to once and a half X, and we shall have in this case l = (n-\- 1.5) X, 
I 

whence l~ ^ ^. In the second case, i. when the terminal masses con- 

^4-1.5 

sist of one of the large and the other of the small kind, the latter arises from a 
semi-constriction, or a fourth of a division, so that the sum of the lengths of the 
portions of the cylinder corresponding to these two masses Is equal to A; con- 

Bcquently we shall have A — ^ \ ' 

As the rei?pective denominators of thf^^e two expressions represent tbc num- 
ber of (liviiiions contained in the total length of the cylinder, it follows that 
this number will always be either simply a whole number, or a whole number 
and a half. On the other hand, as the phenomenon is governed by determioate 
laws, we can understand that for a cylinder of f^ven diameter composed of a 
given liquid, and plac(.'d under given circumstances, there exists a normal 
length which the divisions tend to assume, and which they would ri-roronsly 
assume ii' the total length of the cylinder were inhuite. If. then, it happens 
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that the total longth of the cyHndor, altliougli limited, is equal to the product 
of the normal length of the divisioutf by a M'hole number, or rather a whole 
uumber plus a half, iiolhiug will pruveiil llie diviesiouft irom exactly abtjuiniug 
this nonnal length. If, on the other hand, whieh is generallj tlie case, the 
totnl length of the cylinder fulfils neither of the fttecediug conditions, we should 
think that the (livit^ionF? Avould assume the nearest po^.-^iblc to the normal Jength; 
and then, all other thinf;s bein>^' equal, the difTerencc will evidently be as much 
less as the divisions are more numerous, or, in other words, as the cylinder is 
looger. .Wo should also believe that the transformatioii would adopt that of 
the two methods which is best adapted to diminish the difference in question* 
and this is also jconfirmed by experiment, as we shall see presently. Heaoe, 
although, as I have already stated, the transformation of the cylinder of mer- 
cury almost always ensues in one of the two normal methods, the result ia 
rkrely very regular ; ve must* thercturu, admit that slight accideutal disturblug 
causes in general render the divisicms formed in any one experiment nnequfu 
in length ; hut then the expressions of A obtained above evidently give in ^ach 
experiment the mean length of these divisions, or, in other words, the common 
length which the divisions would have taken if the transforniation had occurred 
in a perfectly reg'ular manner, giving rise to the same uumber of isolated 
spheres aud to the same state of the terminal masses. 

Lastly, since the third method of transformation presents itself, t. e., since it 
sometimes happens that each of the bases is occupied by a mass of the small kind, 
if we would leave out of conpideration the particular cause of iiTegularity h\hv- 
rent in this method, (ihe ])r('ee(ling i)aragraph,) and find the correr?poudiiig 
expression of A, it need only be remarked that each uf the terminal masses 
then proceeds from a semi-oonstriction or the fourth of a divisicm, which will 

• evidently give X ss^ ^ 

64. I shall now relate the results of the experiments. The diameter of the 
copper wires, consequently of the cylinder, was 1.05 millimeter. I firf^t gave 
the cylinder a len^n of 90 millimeters, and repeated the experiment ten Uunn', 
noting after each the uumber of isolated spheres produced, and the state ot the 
raasios adherent €o the bases ; I then calcnlated for each result tiie correspond^ 
ing value of the Iragth of a division, by means of tiiat of the three formulse of 
the preceding paragraph which refers to this same result, I afterwards made 
ten more experiments, gr/iug the cylinder a length of 100 millimeters, and alao 
calculated the con-espouding values of the length of a division. The table con- 
tains the results furnished by these cy liuders, aud the values deduced tor the length 
of a division. I only obtained a perfectly regular result in one ease in each series; 
I faftve' placed an * opposite the conesponaing number of isolated spheres. 
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10 
•12 
18 
15 
14 
11 
11 
12 
13 
11 



Two large. ...•••*... . 

Two largo 

Two emtUl . .... .... .. 

Two large 

Two laige. ........... 

Two large..... 

Two large 

One largo andoniSBnaU 

Two large 

Two .large 



Lieogtkof tlM ejlSaSn 100 mlUlnMton. 



of a 

diTtaton. 


Number of 
IpkeNH, 






7.83 


11 


6.67 


14 


7.20 


14 


6.45 


14 


5.81 


*14 


7.20 


13 


7.80 


11 


6.02 


14 




13 


7.90 


10 



One large and one smBll 

Two large.... 

Two large.... .... ..... 

Two larger. 

Oue large and one small 
One large and one small 

Two .'. 

One largo and 
Two large.... 
Two Isije..., 



Length 
of ft 



ass 

6.45 
6.45 
6.45 

6.67 
7.14 
8.00 
C.G7 
6.90 
8J» 
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• This tabic phowB, in the first place, tliat the different values obtained for tlie 
length of a division are not bo far removed from each other as to prevent our 
perceiving a constant value, the uniformity of which is only altered by the 
mflaeaEicd <if slight aeeidental cttuaes. In the second place, out of twenty ex- 
perimeiits, it happened once only that the maiwm adhereot to tlie bMes were 
Both of the small kind. In the third place, both the pei-fectly regular results 
have given identically the same valuo fnr the Icnj^'th of a division; this vahie, 
expressed approxiraatively to two decimal places, id G.(j7 millimeters ; but its 
exact expression is 6| millimeters ; for the operation to be effected consists, in 
the ease of the first series, in the divislott of 90 miUimeters by 13.5, and, in the 
case of the second series, in tbe dinsion of 100 millmieteni by 15. As the two 
lengths given to the cylinder are coxaiderablc in proportion to the diameter, and 
consequently the mimb(na of division are tolerably largo, this value, 6§ milli- 
meters, ought very nearly, if not exactly, to constitute that of the normal length 
of the divisions. It is seen, moreover, that to give the divisions this closely 
approziiaatiTe or ezaet valne of the normal leogth* the transformation has 
^osen, in one ease the first, m the other case the seeond method. 

55. Let us pursue our inquiry into the laws of the phenomenon with which 
we are eni^aged;, we ^hall soon make an important application of them, and it 
will then be understood why so extensive a development is given to this part of 
^ir woriE. It might bo regarded as evident d priori that two cylinders formed 
of the same liquid and placed in the same oucomstanees, but difi^ering in diameter, 
wonld tend to become divided in the same manner, i. e., that the respective nor- 
mal lengths of the divisions would be to each other in the proportion of the 
diameters of these cylinders. 

lu order to verify this law by experiment, I procured some copper wires, the 
diameter of which was exactly donble that of the first, therefore eqnal to 2.1 
millimeters, and I made with them a new series of ten experiments, giving the 
cylinder a length of 100 millimeters. This scries also furnished mc with only 
a fingle perfectly r*'^rnlar result, which T have denotr^fl as before by an * placed 
opposite the correspuudmg number of isolated spheies. The tbilowing is the 
table relating to thid aeries : 




7 
6 

6 
7 
•6 
6 
6 
8 
8 

e 



TwoiimiQ 

Two larg« 

Que largu aud one fiiuall 
One large sad one small 

Two laige 

Two large 

One large and one small 
One largo and one Bmail. 

Two small 

One laigs tod onssmaU 



13.33 
13.33 
14.28 
12.50 
13.33 
ia33 
14.28 
11.11 
11.76 
14.S8 



By stopping at the second decimal place, wo have, as is evident, 13.33 mOli- 
meters for the v^ne of the length of a division corresponding to the peii^ctlj 
regular result ; but as the opiaration which yields it consists in the division of 
100 by the value when perfectly expi'essed is 13^ millimeters. This then 
is very nearly, if not exactly, the normal length of the divisions of this new 
cylinder; now this lonj^th, 13^ millimeters, is exactly twice the length, 6§ 
millimeters, which hclougs to the divisions of the cylinder of the preceding 
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paragrapli ; these two len2:fTis am tlit i(>fore, in &ct» in the proportion to each 
oth('r of the diamrtors of th(^ two cylindori*. 

As the perfectly rogular les^ult of the above table has giveu a mass of the 
larger kind to each base, it follows, that to enable the divisions of the crliuder 
itself to asrame their normal length, or the nearest possible length to this, the 
transformation has necessarily ensued according to the former method ; whilst 
in rP2Mi"d to a cylinder the diameter of which if a half lop?, aiul the total L iiltiIi 
of wikich is th*' ^aau . 1^00 miliimcteis, the transformation ensued according to 
the second method, (§ 04.) 

Here, also, the case in which there are two masses of the small kind to the 
solid bases is the least frequent, although it occnrred twice. . Lastly, the differ- 
ent valued of the length of a division are more concordant than in the second 
series relating to the first diamntor, and consequently show tli'- t» !Hloiicy towards 
a constant value bi tter ; we also see that the normal length that which is 
most frequently reproduced. 

66, According to the law which we have jnst established, when the nature of 
the liquid and external circumstances do not change, the normal length of the 
divisions is proportional to the diameter of the cylinder; or, in other vrords, the 
proj iovtioii of the normal length of the divisions to the diameter of the cjiinder 
is constant. 

As we have seen, the diameter of the cylinder in paragraph 54 was 1.05 mil- 
limeters, and the normal leneth of its divisions was very little less than 6.67 
millimeters ; consequently, when the liquid used is m^cnrj and the cylinder 
rests upon a plate of glass, the value of the constant proportion in question bi 

= 6.35, which approximates closelj. 

Tq ascertain whether the nature of the liquid and external circumstances 
exert anj influence npon this proportion, we shall now determine the value of 
the latter in the case of a cylinder of oil formed in the alcoholic mixture, which 
may be effected, at least approximatively, with the aid of the result of the 
experiment in parapjaph 47. To simplify" the considerations, we shall suppose 
that the transforniuiiou does not coniiiK ucc until the rapidity of traiisferenci' has 
entirely ceased. The point of the funnel, ou the one hand, and the section by 
which the imperfect' liquid cylinder is in contact with the mass which collects 
at the bottom of the vessel, on the other hand, may then be regarded as playing 
the part of the two bases of the figure. Now it is evident tli.it, as regards the 
second of these bases, tlie last portion of the fip^nre which is transformed should 
be a constriction; for if it constituted a dikiatioa, there would be discontiuuity 
of the curvatiure at the junction of the respective surfaces of the latter and the 
large mass, which is inadmissible. But the same reason does not a})ply to the 
other base ; and experiment shows that in this case a dihsitation is formed, he- 
canse after the termination of the phenomenon we always find at the point of 
th<^ funnel a mass comparable to the isolated spheres. Hence in this experiment 
the transformation ensues according to the second method. Therefore, as the 
whole length of the figure is about 200 mfllimeters, and as the transformation 
constantly yields two isolated spheres, the mean length of the divisions has 

(§ i>3) for its approximative value — — - millimeters = 66.7 millimeters ; I say 

th** moan h nj^tli, because, as the diameter of the fit^ure increases sliirhtly from 
the suniniiL towards the base, the divisions are probably not exactly equal in 
length. It must be added here, that the transformation ensues under circum* 
stances which are always identical, and consequently, in the absence of aeei> 
dental disturbing causes, the above quantity ought to represent the normal 
length of the divisions, or the nearest possible length to the latter. Nov, I 



Digitized by Google 



WITHDBAW FBOM THB AOTION OF GBAYITT. 



269 



estimate the mean diameter of the figure before the traiifl^Drmatton at about 4 
mfllimet^; we should etfnsequcntly have 16.7 as the approzimative 

Talne of the proportiou between the normal lenj^th of the divit^ious and the 
diameter of the cylinder. This is, therefore, a|>proximativeiy the constant ^jro- 
portioh sought in the case of a cylinder of oil formed in the alcoJiolic mixtoze; 
now this proportion, as is eTident» is much greater than that which belongs to 

the case of a cylinder of mercury restinp:; tipnn a plate of glass. 

In fact, the length 66.7 millimeterB may differ somewliat matorially from the 
normal length ; for if, on the one hand, the whole length o( the hgure of oil i» 
considerable in regard to its diameter, on the other hand, the number of divisions 
which form there is rety small. Let ns then see, for instance, what is the least 
Talae whieJi the normal length of these divisions may have. We must in the 
first place remark, that in this case, notwithstanding t!ie absence of (Ustnrbino; 
causes, the third method of trans{or:nation is possible; in ftict. as tlie loAver 
constriction is adherent to a liquid base, nothing can prevent the oil which it 
loses from traTersiug this base to reach the large mass, so that in the third 
method, also, the direction of the movements of tmnsport may be the same m 
regard to all the constrictions, (§ 52.) This grantedf as tlie denomimttor of the 
expression w^hich give^ the Icntrtli of one division can only vary by half 
units, ('"j.T.) and as the length which we have found re.-nlted from the division 
of 200 milliiueterii by 3, it follows that the length immediately below would be 
200 

— - millimeters = 57.1 millimeters, which would correspond to three isolated 

spheres and a transformation disposed according to the third method. But as 
matters do not take place in this manner, since there are never more than two 
isolated spheres formed, and the transformation always ensues according to 
the second method, we must conclude that the nomial length of the divisions 
approximates more closely to the length found, 66.7 millimeters, than the" length 
57.1 millimetem. If, then, the normal length is greater than the first of these 
two qnaiitities. it must at least be more than their mean, i. e,, 61.9 millimeters; 
conseqnently the relation of the normal length of the divisions and the diameter 

61.9 

of the cylinder is necessarily greater than =s 15.5 ; now this latter num- 
ber considerably exceeds the number 6.35, \v hich corresponds to the mercurial 
cylinder. 

Thus, the proportion of the normal length of the divisions, to the diameter of 

the cylinder varies, sometimes according to the nature of the liquid, sometimes 
according to external circumstances, at others according to both these elements. 

57. Ikit 1 say that there is a limit below which this proportion cannot descend, 
and that this is exactly the limit of stability. Let us imagine a iiq^uid cylinder 
of sufficient length in proportion to its diameter, comprised between two solid 
bases, and the transfonnation of which is taking place with perfect regularity. 
Suppose, for the sake of clearness, that the phenomenon ensues according to the 
second method, or, in other words, that the terminal portions of the fti'-nre con- 
sist one of a couslriction, thc other of a dilatation ; then, as we have Been, (§ 52,) 
the regularity of the transformation will extend to these latter portions; i. c, the 
terminal constriction and the dilatation will be respectively identical with the 
portions of the same kind of the rest of the figure. Let us then take the figure 
at that period of the phenomenon at which it still presents constrictions and 
dilatations, and let us again consider the sections, the diameter of which is equal 
to that of the cylinder, (§ 52.) Let ua start from the terminal constricted por- 
tion i the solid base upon which this rests, and which constitutes the first of the 
sections in question, wiQ occupy, as we have shown, the origin of the constrie- 
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lion itself; we shall tlien have a second section at the origin of the first dilatation ; i ) 
a third at the origin of the second constriction ; a fourth at the orig^in of the- i 
Becond dilatation, and m on; so tliat all the s^ections of the even scries will | 
occupy the origins of the dilatjitious, all those of the odd series the origins of 
the conetrietioiis. The interval oompxiaed between two eonsecatiTe sections of ' 
the odd series will therefore inelnde a eoustrietaon and a dilatation ; and as the 
figure begins with a constriction and terminates with a dilatation, it is cle;i.r that ; 
its entire length will be divided into a M'hole number of similar intervals. In 
consequence of the exact regularity which we have supposed to exist in the | 
Ixansfoxmatioa, all the intervals in question will be equal in length ; and as the 
moment at which we enter vmm the eonsideratton of the fignre may be taken 
arbitrarily from the origin or the phenomenon to the maximum of the depth of ; 
fho (•nTistrictior>^ it follows tliat the equality of length of the interval? ptihsista , 
during the whole of this period, and that, confJequently. the sections which , 
terminate these intervals preserve during this period perfectly fi^ced positions. i 
Besides the parts of the fignre respectively contained m each of the interrals 
undergoing identically and sinmltanconsly the same modifications, the volmnes 
oi all these parts remain equal to each other ; and as their sum is always equal 
to the total volume of the liquid, it follows that, from the origin of the trans- 
fonnation to the maximum of depth of the constrictions, each of these partial 
volumeti remains iuvai'iable, or, in other words, no portion of liq^uid passes | 
fiom any one intenral into the adjacent ones. Thus, at the instant at which j 
we consider the figure* on the one hand, the two sections whicli t( rrainate any 
one interval Avill have preserved their primitive positions and their diameters; | 
and on the other hand these sections will not have been traversed by any por- 
tion of liquid. Matters will tlien have occurred in each interval iu the same j 
manner as if the two sections by which it is terminated had been solid disks. 
But the transformation cannot ensne between two solid disks, if the proportion 
of the distance which separates the disks to the diameter of the cylinder is less | 
than the limit of stability; the proportion of the length of our intervals and the 
diameter of the cylinder cannot then he less than this limit. Now, the length ' 
of an interval is evidently >equal to that of a division; for the first, ia 'accord- ^ 
anoe inth what we have seen above, is the snm of the lengths of a dilatation | 
and a constriction ; and the second is the sum of the lengths of a dilatation and 
two semi-constrictions, (§ 53;) the proportion of the length of a division to the 
diameter of the cylinder cannot then be Ic^s than the limit of stability; and we 
may remark here that tliis conclusion is equally true, whether the divitiious are . 
able or not to assume exactly their normal length. 

58. Let ns now attempt to ascertain the influence of the nature of the liquid 
and that of extmial circumstances, commencing with the latter. Our liquid 
cylinder of mercury, aloug the whole of the line at which it touches the plate 
of glass, mn9t contract a «?4ight adherence to this plate, which adherence must 
more or less impede the transformation. To discover whether this resistance 
exerted any influence upon the normal length of the divisions, consequently 
upon the proportion of the latter to the diameter of the cylinder, a simnle 
means presented itself, viz., to augment this resistance. To arrive at this 
result, 1 arrangf'fl the apparatus in such a manner n-^ to remove only one of 
the strips of glusb, so that the liquid figure then remained pimnltaneously in 
CO tact with the plate and the other strip. I again repeated the experiment 
ten times, using copper wirea 1.05 miUuneters in diameter, and giving tbe 
^linder a lengm of 100 miUimeterB. The ftdlowing were the results : 
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Mamberof 
isolated 
q>bere«. 



9 
8 

9 

8 
11 
8 

8 
8 
8 

e 



Maaien adberent to ttaa bases. 



One and ono small 
One large and one small 
One large and one small 
Cue largo and onesnutU 

Two small 

One l»rg« and one small 

One latino and OIM •mD 

Two large 

One large and OHM omII 
trro hSgB 



Leogtb 
of a 



milUma. 
JO.OO 
11.11 

JO.OO 

11.11 

8.69 
11.11 
11.11 
10.53 
11.11 
13.33 



It 18 ovident that the different values of the length of a division, with a sin- 
gle pTcnption, arc all 1 v; msly greater than all those which relate to a cylinder 
of tho Haino diameter, the ntirfaco of which only tonches the glad's by a fingle 
line, (§ 54.) We must thence conclude that, all other things beiug the same, 
the length the divisions increases with the external resistance; conseqnently, 
TOder uie action of the same leBiBtance, tiiis length is neceosariljr greater than 
it would be if the eonrex eoiface of the cylinder oad been perfectly free. 

Tti fhf' nbove senVs noithrr of the results appear? to bp vory roo;ular ; }^nt we 
can readily under.-^tand that the mean of the values of the third column will 
approach the nonnal length of the divisions. This is, moreover, conlirmed by 
the tables in §§ 54 and 65. If we take in the former the respective means of 
the values of the two series, we find for one 6.77 millimeters, and for the other 
7.17 millimeters, qnantitics, the first of which is nearly rqji.il to the length 
6.67 millimctors, which may be considered as the normal length, and from 
which the hccoikI does not differ much ; and if likewise we take the relative 
mean in the following table, we find 13.15 millimeters, a quantity very near 
the length* 13.33 millimeters, which in the case of the secondf table may abo be 
regarded as the normal lengdi. Now, the corresponding mean in the above 
table is 10.81 millimeters; conseqnently* in the case of two lines of contact we 

have = 10S9 ae the approximate valne of the proportion of the normal 

length of the divisions to the diameter of the cylinder, whilst in the case of a 
smgle line of contact we found onJv 6.35. Hence the proportion between the 
normal length of the divisions and the diameter of the cylinder increases by 
the effect of an external resistance, 

59. Let UB proceed to the influence of the nature of the liquid. All liquids 
are more or le.-^!, viscid; i.e.. their molecules do not enjoy perfect mobility with 
regard to each otiier. Now, this gives rise to an internal resistance, which 
must also render the transformation less easy; and as external resistances 
increase Ae length of the divisions, we can understand that the viscidity will 
act in the same manner; consoqiiently, all other things being equal, the propor- 
tion now under cousideratiou will increase with this viscidity. But, on the other 
hand, with equal curvatures, the intensities of the forces which produce the 
transformation vary with the nature of the liquid ; for theue intensities depend, 
in the case of each liquid, upon that of the mntaal attraction of the molecnles. 
Now, it is clear that the viscidity will exert so much more influence npon the 
length of the divi^Ioii?^ as the intensities of the forces in question are less. 
Thus, leaving external resistances out of the question, the proportions of the 
normal length of the divisions to the diameterp will be greater iu proportion tO 
the viscidity of the liquid and the feebleness ui ilie cuuiiguiiug forces. 
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Tlio intensities of the configuring forces corresponding to different liquids 
may be compared numerically for the same curvatures. In fact, let ufl first 
bear in mind that the preasilro covresponding to one element of the superficial 
layer, and reduced to nnitj of the Bnrnice> is expressed hy (f 4») 



Now, the Talne of the part P of ihis pfessnre being the same fbr all the elements 

of the superficial layer, and the pressures being transmitted throughout the 
nia:^s. tliis part P will always be destroyed, whether equilibrium exists in the 
liquid figure or not ; so that the active part of the pressure (that which conBti- 

• A /■ 1 1 \ 

tntes the configuring force) wfll have for its measure simply "g" ( "J^ + j^j,/ V 

Hence it is evident that wLon f]ic curvatures ore equal, tho intensity of the 
conli^nirino^ force arising from ouc clement of the superficial Layer is propor- 
tional to the coeiiicieut A. Now, this coefficient is the Hame an that u iiicii 
enters into the known expression of the elevation or depression of a liquid in a 
capillary tube: coiiH(>(|[ueotly the measures relatine to this elevation or depres- 
sion will give us, in the case of each liquid, the value of the coefficient in ques- 
tion. Hence we may also say that tlic proportion of the normal Icnp^th of the 
divisions to the diameter of the cylinder will be greater os the liquid id more 
viscid and as the value of A which corresponds to the latter diminishea. For 
instance, oil is much more viscid than mercury; on the other hand, it would 
be easy to show that the value of A is much less for the first than for the 
!?ccoik1 of llicse two liquids; lu^tly, this vahip must be much diminished in 
regarfl to our fi^rure of oil by tlic pro^cncc of the surrounding alcoholic liquid, 
the mutual attmction of the molecules of the two liquids in contact dimiuiKhing 
the intensities ai the pressures, (§ 8.) This is why the proportion belonging to 
a cylinder of oil formed in the niconolic mixture considerably exceeds that be- 
longing to a cylind( r of mercury resting upon a plate of glass, notwithstanding 
the slight external resistance to which the latter is subjecied. 

60. It inllows from this dipcn<»pion concerning the resistances that the 
smallest value which the proportion of the normal length of the divisions to 
the diameter of the ejrlinder could be supposed to have corresponds to that 
case in which there is simultaneously complete absence of extemsl resistanee 
and of viscidity; and, after the demonstration given in § 57, this least value 
will be at least equal to the limit of stability. Now, a." nil liquids are raorc or 
less viscid, it follows that, even on the hypothesis of the annihilation of all ex- 
ternal resistance, the proportion in question will always exceed the limit of 
atability; and since this is more than 3, this proportion will, d fortiori, be 
always more than 3 

It if* conccivablt^ that the least value considered above, i. e., that which the 
proportion would have in the ca^^e of complete absence of resistance, both 
internal as well as external, would be equal to the limit of stability itself, or 
would very slightly exceed it In fact, on the one hand, the proportion ap- 
proximates to this limit as the resistances diminish, and on the ouier hand, if it 
exceeds it, the transfonnation becomes possible, (§ 57;) hence we t<e(; no reason 
why it should difi'er sensibly from it if the resistances were absolut(dy null. 
The results of our experiments, moreover, tend to continn this view. First,. 
Biucc the proportion belonging to our cylinder of mercury descends from 10.29 
to 6.35, passine from that case in which the cylinder touches the glass at two 
lines to that where it touches it at a single one only, (§ 58,) it is clear that if 
this latter contact itself could be suppressed, which would leave the influence 
of the viscidity alone remaining, the proportion would become much less than 
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6.35; and a&, on the other hand, it mast exceed 3, wo might admit that it would 
at least lio !k tween the latter nnmhor and 4, so that it would closely approxi- 
mate the limit of stability. If, then, it wcro- possible to exclude iho viscidity 
also, the new decrease which the proportion would then experience, would very 

Srobably bring the latter to the very limit in q^aeation, or at least to a value 
iffering but exceedingly little from it. ThuB, on the one hand, the least value 
of the proportion, that corresponding to the complete absence of resistances, 
would not differ, or scarcely so, from the limit of Htahility; and on the other 
li.ind, un(l( r tlje influence of viscidity alone, the proportion appertaining to the 
mercury would be but little removed from this least value. Hence it is evident 
that the inflnence of the viscidity of mercury is small, which is moreover ex- 
plained by the well-known feebleness of this same viscidity. 

Wo can now understand iii the case of otheir but very slightly viscid liquids, 
such as water, alcohol, &c., where the viscidity is not able to form more thfn a 
minimum rcs*i«tance, th;it this viscidity, notwithstanflin^ tlio ditlcn nces in the 
intensities of the coufiguiiug forces, will also exert only u feeble iuUueucc upon 
the proportion in question. Hence it lesulta that, in the absence of all external 
reeistance, the values of this proportion resp^tively corresponding to the various 
very slightly viscid liquids cannot be very far removed from the limit of sta- 
bility ; and as the sra?ilIost wliole iinmber above this is 4, we may in re;]^;ird to 
thu£>e liquids adopt iLis number as representing the mean approximative proba- 
ble value of the proportion in question. 

Starting from this value, calculation gives us the number 1.83 as the propor- * 
tion of the diameter of the isolated spheres which result from the transformation 
to the diameter of the cylinder, and the num])(>r 2.18 for the proportion between 
the distance of two adjacent spheres and this diamrter. 

61. There is another consequeuce arising from our discussion. For the sake 
of simplicity let the diameter of the <r|rlin&r be taken as unity. The propor- 
tion of the normal length of the division to th^ diameter wijl then express this 
normal length itself, and the proportion coiifttituting the limit of stability will 
express the length corresponding to this limit. Thi-^ rKlmitted, let us resume 
tlie conclusion at which we arrived at the commenceiueiit uf the precediiiji: sec- 
tion, which conclutiion we shall consequently express here by stating that in 
the case of all liquids the* normal length of the divisions always exceeds the 
limit of stability ; we must recollect, in the second place, that the sum of die 
lengths of one constriction and one dilatation is equal to that of a division, 
(§ 57;) and, thirdly, at the lirst moment of the transformation the length of one 
constricliou id equal to that of a dilatation, (§ 46.) >iow, it follows from ail 
these propositions, that when the transformation of a cylinder bc^^ins to toke^ 
place, the length of a tingle portion, whether constricted or dilated, is neoessa^ 
rily greater than half the limit of ratability ; consequently the sum of the lengths 
of three contiguous portion;^, for instance two dilatations and the intermediate 
constriction, is once and a half greater than this same limit. IJetice, lastly, if 
the distance of the solid base^ is comprised between ouce and once and a half 
the limit of stability, it is impossible for the limit of stability to give rise to three 
portions, and it wul consequently only be able to produce a single dilatation in 
juxtaposition with a single constriction. This, in fact, as we have seen, always 
took place in regard to the cylinder, in § 46, which was evidently in the above 
condition, and tlie wantof symmetrj'in its transfoi*mation now becomes explicable. 

62. As stated at the conclusion of § 46, we have yet to describe a remarkable 
fret which always accompanies the end of the phenomenon of the transformation 
of a liquid cylinder into isolated masses. 

In the transformation of large cylinders of oil, whether imperfect or exact, 
(§ 44 to 46.) when the constricted part in considerably narrowed, and tlio Fppa- 
ration seems on the point of occurring, the two masses are seen to tiow back 
rapidlj^ towards the rings or the disks; but tbey leave between them a cyliudri- 
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cal line which stQI eetablisheB, for a reij short time, the continuity of the one 
with the other, (Fig. 28;) this line then reBolveB itself into partial masses* It 




generally diridcs into three parts, the two extreme ones of wliich become lost 
in iLc two large liiiisfed, the intermediate one forming a tjiilierule, some milli- 
meters in diameter, whidi remains isolated in the midale or the interval which 
separates the largo masses; moreover, in each of the intervaLs between this 
spherule and the two large masses, another xrrj ranch small(?r spherule is seen, 
which indicates that tlio separation of the parts of the above line is also effected 
by attenuated lines. Fig. 29 (PI. VIII) represents this ultimate stale the 
li(j[uid system. The same effects aic produced when the resolution of the thin 
and elongated cylinder of oil of § 47 into spheres occurs, only there is in one 
or the other of the intervals between the spheres frequently a larger nombcr 
of f=phcrulcs, and, besides, the formation of the principnl line is Icps easily 
observed, in conscqnenco of the inoic rapid progrops of the phenomena. Lastly, 
in the case of our cylinders of mercury, the resolution into spheres takes place 
also in too short a time to allow of onr perceiving the formation of the linos; 
. bnt we always find, in several of the intervals between the spheres, one or two 
very minute spherules, whence we may conclude that the separation is effected 
in the same manner.* 



* We cautiot avoid rocoCTiizing an analogy between the phenomenon of the formation of 
liquid lines and that of the foruiadon of lannua>. In fact, in the experiment in $ 2^ for 
instaace, the plane lajer begins to bo formed when the two opposite concave surfaces ate 
almost in contact with each other at tboir sunnnrts; and in the rosolotion of a cylinder into 
spheres, tho furniation of the Hues commences when all the meridional aeetions OI the figniW 
almost touch each other by tho summits of their concave portions. 

When treatinff of the layers, we bave considered their formation as indicatin{^ a kind of 
t(ntli !)cy towaraj* n j»ai tlcular sra'c of equilibrium, wbirh .>uit.s from the circumstance that 
in the case of the thiu part of tho liquid ^lystem the ordinary kw of pressure is moditied. For 
tibe analoo^y between tho two orderff of phenomena to be complete, it would, therefore* be 
iiccLssaiy that excessively delicufc r(iuiil lines should rdiiiicct fliick masses, niid sljou'd \\m 
form with these masseB a system in eq»Jibrw, notwithstanding the incompatibility of this 
equilibiitnn with the ordinary law of pressmnM. Now, we flbaU show that this equiiibriom 
i.s ill nallty pOHsiblc, at least tlKoutiraUy. Let u.s alway-i tuko as example the ro^'lunr'n 
of our unstable cyhuder into partial musses. When the cylindiical lines form, their diauakr 
is even then very small in comparison with the dimensions of the thick masses; consoqiientir 
their curvatiue in the diiTctiou ju ndinTlar to the ax is very great in comparison with 
the curvature of these masses. ILu pressure correspond ii-j^ to the lines is tlieu origiualiy 
much grt'iitrr than tho<;c corresponding to the thick masses^ whence it follows that the liquid 
ninst be driven from the interior of the lines towards these same uia.*»-r«, niid ttiat the lines, 
like the layers, ought to continue diminishing. Moreover, their curvatuits, and coas©* 
quently tlieir i>re!=xine nugmeniing in proi)ortion as they become more attenuated, thtsf 
tendency U> diminish in thickness will go on ini rf'asiii<.f, and coi(<ef]nently if we disrejra''^ ^ 
the instability of the cy]iiii!ci( al torm, wc see that thry miist bcconie oi' an excessive tcnaitv- 
IJnt 1 say that (lir aii<: i: ■ n aiion of the jiressure will have a limit, beyond which this pressure 
will progressively diminish, so that it may become equal to that which conwpcmia to the 
thick parts of tho licpiid system. " 

III fact, witbfiut having recourse to theoretical developments, it is readily seen thai if tl^e 
diameter of tlic liiu" ln-('«nie>ii less than that of the sphc:e of the sensible activity of the luolt- 
cular attraction, the law of the pressure must become niodiliod, and, tho diameter eonlinuiuf 
to decrease, the pressure must tiui.sh by also progressively diminishing, notwithstumling ti;c 
increase of tho uurvatmes, in cunseqneuco of the diminution in the number of attracdog 
molecules. Hence tlio pie.s.snro may diminish indetinilely ; for it is clear that it iroolo 
entirely vanish if the diameter uf the line became reduced \j the thickness ot a sin\:](' ■-n"''^- 
cole. Those geomotriciana wiio study the theoiy of capillaiy action know that tlie fonutdffi 
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As we are now acquainted with the entire eourie whieh the trajisfoimatioii 
of a liquid cylinder into isolated spheres must take, we can represent it graphi- 

J^'i^ 3a, 




callj* Fig. 30 represciu 'lo successive forms throagli wLkh tlic liqnid figure 
passes, coDuneneing with the cylinder up to the system of isolated spheres and" 



of thi» theory cease to bo appUcublo in the case of verj great curvatures, or thoso tho jnJii 
'of which are compftrahle to that of molecular attraction. Kow, it follows from what Itas 
been BtiiU'd, fliiit wi' inav nlwivys sniiiu.^t^ tho (liinness of tbo line to l>n <;ucli that tlio cor- 
leflpoadiog prcssuio may bo equal tu that oxistiug iu thick inosaes wUiuh huve uttaiucd a 
Mate of eqmlibriiim. In this case, admlttiDg that the lines are mathematically rcrrular, so 
tliiit the pressure flirrr- may be everywhere rigorously the saiiu', con>cf(uently that they have 
uo tcudeucy to resolve themselves into smaU pariial masses, ei^mlibnum will necessarily 
exist in tbo system. In this case the form of we thick masses will not be mathematically 
splicrica! ; I'ov !he!r pnrface must becotiic slightly raised at the junctures with the lines by 
presenlixig concave curvatures iu the meridional directiou. This form will be tho same as 
&at of an isolated mass, traversed diametrically by au excessively minate solid line, (\S 10.) 
This system, like thoso into tho composition fil which layers enter, mmposecl of surl'accs 
of a diii'ei'cnt nature ; but this hcteiogeneity of form bocumes possible here^ m m tho case uf 
the lajera, in consequence of the change which the law of presgares nndergoes in passing 
fitoni ono to aiiii l'.t'r kind of surface. 
, We cuii, mou'over, understand that tho equilibrium iu question, although possible theo- 
retically, as we have shown, can never bo realized, in consequence of tho cylindrical form 
of tho ]iii< ^. The same dor-:; yjn>. ait[ily to the ca'^o of (Iio [saiic laycr^t; for, as we shall slinw 
iu the loiiou iug serlcj^, tho p^uue aUiiacc-s uie alwa^ s surfaces uf sial^lu eq^uilibrium, \vbatevcr 
may he their «fent. 
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o3P splienilefl. This fignfe Tefera to die ease of a very slightly viscid liquid, 
such as water, alcohol, &c., and where the convex surface of the cylinder is 
perfectly free; consequently, in accordance with the probable conclusion with 
which § 60 t( miinatcH, the proportion of the length of the divisions to the 
diameter has been taken as equal to 4. 

The pheuomcuou of the formation of lines and. their resolution into sphemles 
Is not confined to the case of the mptnre of the equilibrium of liquid cylinders; 
it is always manifested when one of our liquid masses, whatever may he its 
figure, is divided info pnrtinl masses. Tiiia is tlio manner in which, for 
instanco, in § 29 of the ])rec('diug memoir the luinurt' inrtSHO? which were then 
compared to tjateliites are formed.* The piienomenon uuder consideration is 
also produced when liquids are submitted to the free action of gravity, although 
it is then less e^ily shown. For instance, if the rounded oad of a glass rod be 
dipped in ether, and then withdrawn carefully in a perpendicular direction, at 
the instant at which tho smnll qurmtity of liquid remjiininir ndherent to the rod 
separates from the mass, an rxtn inely minute spherule is seen to roll upon the 
surface of the latter. Lastly, the phenomenon in question is of the same, nature 
Sib that which occurs when very viscid bodies are drawn into threads, as glass 
softened by heat, except that in this cas(> the great viscidity of the substance, 
and moreover the action of cold, which solidilies the thread formed, maintains 
the cylindrical form of the latter' and allows of its acqoiring an indeiinite 
length. 

03. To complete the study of the transfonnation of liquid cylinders mto 
isolated spheres, it still remains for ns to discover the law according to which 
the duration of the phenomenon varies with the diameter of the cylinder, and 

to endeavor to obtain at least some indicntionf relative to the absolute vnhic 
of this duration in the case of a cv]ind< r of a f^iven diameter, composed of a 
given liquid, and placed in given circumstances. 

We can understand, d priori, that when the liquid and the external circum* 
stances are the same, and supposing the length of the cylinder to be always 
such that the divisions assume exactly their normal lengtli, (§ 53,) the duration 
of the plionomenon must increji^'o witli the dinmeter ; for the frrentcr this is. tlie 
greater the mass of each of the divisions, and, on the otlier h.md, tlir less the 
curvatures upon which the intensities of the configuring forces. depend. It i« 
true that the surface of each of the divisions increases also with the diameter 
of the cylinder; consequently it is the same with the nnmher of the elementaiy 
configuring forces; hut this augmentation takes place in a less proportion than 
that of the mass. This we pliall proceed to ?ho\v more di^tinctl v. I'ndiT the 
above conditions two cylinders, tlie diameters (4' wliieh are dilierent, Avill he- 
Come divided in the same niauuer; i,c., the pru,]»urtion of the length of a division 
to the diameter will be the same in both parts, (§ 55.) Now, it may be considered 
as evident that the similitude in figure will be maintained in all the phases of tb^ 
transformation ; this i**, moreover, confirmed by experiment, as we shall soon see. 
Hence it follows at each homologous instant of the transformations of the two 
cylinders tlie respective surfaces of the divisions will always be to each otii«r 
as the squares of tho diameters of these cylinders, whilst the masses, which 
evidently remain invariable throughout the entire duration of the phenomena, 
will always be to each other as the cubes of these diameters. Thus, at each 
homologous instant of tho respective transformation?, the extent of tho puper- 
ficial layer of a division, consequently tlie numbe r of tlie configuring forces 
which emanate from each of the elements of this layer, change from one figure 
to the other only in the propotticMi of the squares of the primitive diameters ef 
" ^ 

* h is rk-ar fliat this iiiodt' of foniiatiou is t iitii cl y foreign to La Place's cosniogouic hypo- * 
thesis ; therefore we have had no idea of deducing from this little experiiiient, which oulj 
reiers to the effects 6f molecular attrsctien, and not to those of gravitation, tmy tugumeDt ia 
mwm of the hypothesis in question— an hypothesis which, in other respects, we do not adopt 
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these fixtures; whilst the mass of a division, all the parts of which mass receive^ 
under tiie action of the forces in question, the movements constituting the 
transformation, clianrr<»s in tlio proportion of the cnbos of these diameters. As 
rofrnrd?* the inteiisitic:* ot" the configuring forces, we most remember, first, that 
the raearfuic of that whicl^ corresponds to one element of the superficial layer 

has (§ 59) for its ezpcesBion -f- W')' granted, if, at an liomalogona 

inetant in the transformations of t1u> two figures, we take upon one of the divi- 
sions of each of the latter any point similarly placed, it is clear from the simili- 
tndf' of tlie-^c fi^aire-* that the. principal radii of curvature eorren pondinp:; to the 
point taken upon the jjt cond will he to those corresponding to tlie point taken 
upon the first in the proportion of the diameters of the original cylinders, so 
that if this proportion be % and the radii relating to the point of die first figare 
be B and IV, tnose belonging to the point of the second will be «R and nW ; 
whence it follows that the measure of the two configuring forces corresponding 

to these points wiU be respectively ~(J^+ ^7)- j + » 

» ' ^ ^ 1^'^' passing from the first to the second fignre, the 

intensities of the elementary configuring forces in all the phases of tlie trans- 
formation will be to each other in the inTerse proportion of the diameteni of 
the cyliudew. 

I have convinced m\ self, by means of cylinders of merctiry 1.05 millimeters 
and 2.1 miUimeteLs in diameter, (§ 5i and 55,) that the duration of tlie phe- 
Qomeuou increases, in fact, with the diameter: although the transformation of 
these cylinders is efiected very rapidly, yet we have no difficulty in reeognizii^ 
that the duration relating to the greater diameter is greater than that which 
refers to the least. 

61. As repirds tlio law whicli jroverns this inercfipe in the dtmition, it would 
undoubledly I'C almost impot<ttibie to arrive at it.s exjierimeiital determination in 
a direct manner, t. c, by measuring the times which the accomplishment of the 
, phenomenon would require in the case of two cylinders of sufficient length 
to allow of their being respectively converted into several complete isoll^bed 
spherules, and of their satii^fying the conditions indicated at the commencement 
of the preceding section. In fact I can hardly see any method of realizing such 
cyliTid( rs without giving liiem very minute diameters, like those of our cylinders 
of mercury, and then their duration it» too short to allow of our obtaining the 
proportion with sufficient exactness. 

But we may be able to arrive at the same resnlti but with certain restrictions, 
which we shall mention presently, by mean? of two short cylinders of oil formed 
between two disks, (§ 46;) there h notliin^; to jirevent these cylinders IVom 
being obtained of sucli diameters H6 to render the exact measure of the durations 
easy. In the transformation of a cylinder of this kind, only a single constric- 
tion and a single dilatation are produced ; but as in the transformation of cjl- 
indera which are sufficiently long to furnish several complete isolated epheces, 
thephase? throng^h wliicli the constrictions and the dilatationf pass arc the same 
for all, Mc need only consiiler one coiiytrictioii and one dilatation. We can- 
understand that the relative dimensions of the two solid systems ought tp be 
such, that the relation between the distance of {he disks and their diameters is 
the same in Iwth parts, in order that similitude may exist between the two liquid 
figures at their origin and at each homologous instant of their transformations. 

Before ^^I'ivinjr an account of the employment of these fif^nres of oil for the 
determination of tlie law of the durations, we shall take this ^opportunity of 
making several important remarks. We shall only rei^uire to make use of the 
law in question in that case^ which in other respects is the most simple, where 
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the cylinders are formed in vacuo or in air, and are free from all external resist- 
ance, or, in other word?, free upon the whole of their convex surface. Nowonr 
short cylinders of oil are formed in the alcoholic liquid, and it might be asked 
whether this circumetanee docs not exert some influence upon the proportion of 
the durations corresponding to a given proportion between tne diameters of these 
cylinders. At tirst, a greater or less portion of the alcoholic liquid mnst be 
displaced by the nindincations of tlie fij^ures, so tli;!t tlic total mass to be moved 
in a transfoiaiuliiHi is composed of the m.iss of tnl and thir* portion of the alco- 
holic liquid ; but it is clear that in virtue of the similitude ol the two li-^urcs of 
oil and that of th(^ movements, the quantities of surrounding liquid respectively 
displaced will be to each other exactly, or at least apparently, as the two masi^cs 
of oil ; so that the relation of the two entire masses will not be altered hy this 
circumstance, llencn it is very probable that tliif? eircumf^tance.will no longer ' 
exert any influence upi)u the proportion of the durations, except that the abso- 
lute values of these durations will be greater. On the other hand, the muiiial 
attraction of the two liquids in contact diminishes the intensities of the pressures, 
(§ S.) and couseqnentlv the configuring forces ; but it is easy to see that this 
diminution does not alter the relation of thes-e iuteut^itles in the two figures. 
For ]( t n? imn«rine that at nn homolorrou? instant <if the two transformntions the 
alcoholic liquid becomes suddenly replaced by the oil, and let us conceive iu 
the latter the surfaces of the two figures as they were at that instant. The 
configuring forces will then bo completely destroyed bj the attraction of the oil 
' outsi(le these surfaces, or, in other words, the external attraction will be at each 
point efjual and o]ipti.-ite to the internal confi.iinrini;; force. Tf we now replace 
tli(; alcdliolie liquid, the intensities of the external attractions will elian;:(\ but 
ihey will evidently retain the same relations to e^icU other; whence it ft»lluw8 
that those corresponding to two homologous points taken upon both the figures 
win still be to each other as the configuring forces commencing at these poiots; 
80 that in feet the respective resultant.-; of tlie external and internal actions at 
the«e two «ame pointr^ will be to each other in the snme proportion as the two 
internal forces alone. Thus the nttractionf ( xertt d upon the oil by the sur- 
rounding alcoholic litjuid will certainly diminish the absolute hitcusities of the 
configuring forces, but thej will not change the relations of these intensities,, 
conj^equently they may be considered as not exerting any influence upon ihe 
durations. But it is clear that this cauee will nevertheless gn atiy increase the 
absolute values of the latter. For the two reasons which we have explained, 
the presence of the alcoholic liquid will then increase the absolute values of the 
two durations to a considerable extent ; but wc may admit that it will not alter 
the relation of these values, so that this pronation will be the same whether the 
phenomenon take place in vacuo or in air« wTe shall, therefore, consider the law 
which we deduce from our experiments upon ^■holt cylinders of oil as inde- 
jiendent of the presence (tf ilie surrounding alcoholic liquid, ^uid this will lie 
found to be supported by the nature of the law itself. j 

But the exact formation of our short cylinders of oil requires (§ 46) that in 
these cylinders the proportion between the length and the diameter, or what 
comes to the same thing, between the sum of the lengths of the coustriction and 
the dilatation and the diameter, exceeds but little the limit of stability. Now, 
in the transformation of cylinderf puflicipntly long to furni-h several s|)li( res, 
which would be formed in raruo or iu the air, and free upou their entire convex 
SQiface, and the divisions of whidi have their normal length, the projtortion of ^ 
the sums of the lengths of one coustriction and one dilatation to the diameter, 
which proportion is (he same that of the length of one division to tlie dinm- 
oter, would vary with the nature of the liquid, (§ 50,) and we are ignorant 
whether the Ihw of the durations is independent of the value of this proportion. 
The law which we shall obtain in regard to short cylinders of oil can only thcrs- 
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foro be le;;ltim;itoly npjiliod to cjliiidcr.-* of piiffiriont longtli to furnish several 
gpberes teUj)|)i)srd to be in ilic above comliiion.s, in ilie eaee wiierc ilieae hitter 
cyliudcra arc Ibrincd of 6uc\i a li(|uid tbut they would give for the proportiou iu 
qneBtion a value but little greater than that of the limit of stability. 
• Now this is tlio cutse of uiereiiiy, (§ GO,) and it is also very probable that of 
all other very .slightly vi.sci<l litjuidt*, (§ GO.) Thus the law given by the bhort 
cylinders of oil will be f^xactly or appiucntly that which would a])ply to cylin- 
ders ot" niercury of ^iiiiicient length to finui^h j^evcral tiplu^res, t^upposing the 
latter to be produced in vacuo orinak, free at the whole of their convex Hurface, 
and of sach length that tho divisions in each of thcnk would assume their normal 
loigtb. Moreover, the same law w< uld be undoubtedly applicabl< t ' ( yliadera 
formed of any other very slightly viscid liquid* and supposed to be iu the same 
conditions as the preco(]it!«r. * 

The law may possibly be completely general, i. e., it may apply to cylinders 
formed, always under the same circumstanceSf of any lic^uid whatever ; but our 
experiments do not furnii^h us with the elements necessary to decide this ques* 
lion. Lastly, the transformation of our ^hort cylinders presents a p(;culiarity 
which fMitails anothor n*«irirtinn. The two lin.il masses into whieh a cylinder 
of tliiri kind resolves itscit bonig unequal, the smalle-l a* (juircs it.s form of 
equilibrium considerably before the other, ao that the duiaui>n of the phenom- 
enon is not the same. Hence wo can only determine its duration n}> to the 
moment of the rupture of the line; consequfully die }»roportioii which we thus 
obtain for both cylind«'rs will only be that of the durations of two homologous 
portions of the entire transform if ion?!. Moreover, the proportion of tla^sc partial « 
durations is exactly that of which wu i-hall have bereufter to make use. 

65. I made the experimcHtii iu question by employing two systems of disks, 
the respective dimensions of whicn werq to each other as one to two; in the 
former, the diamct( r of the di^ks was 1.3 millimeters, and they were Oi milliv 
melf^r^' nprirt ; rtnd in the .second t]u-'iv <]iametfr \y:\? P,0 millimeTei>', ninl tlieir 
distiiuce apart 108 iniliiuif'fcrs. The cyliudera formed rei?pectivcly in tlieee two 
syslems we:e therelbre ahkt!, and, as I have previously j?tatcd, (§ G3,) these 
two figures exactly uuuntaiued their similarity, as far as the eye was capable of 
judging, in all th(3 phases of their transformations. It sometimes happened that 
the cylinder, when apparently well formed* was not at all persistent and imme* 
diately beiran to alter; this ciicnmstance being attributu)il( to gome slight 
reiiminiug jncgularity in the ligme, I immediately re-cstab]ip.lied iije cylindrical 
form,* and the time was ouly taken into account when the ligurc appe*ireii to 
maintain this form for a few mom<mts. Another anomaly then sometimes pre- 
sented itself, which consisied in the simultaneous formation of two constrictions 
wiih an intermediate dilatation ; this modiiicatiou ceased when it had attained 
a vojy slightly marked degree, and the ftg:urc appeared to remain in the same 
state for a considerable period;! then one of tho ttaisiricliouii beaime gradually 
more miuked, whilst the other disappeared, and the transformation allerwaiUs 
went on in the usual manner* As this peculiarity constituted an exception to 
the regular course of the j)honomenon, I ceased to reckon as soon as it showed 
itself, and 1 again rr t stnl»!i:^lieil f!ie cylindrical form. Tho estimation of tho 
time was only dclinitively t uiiuuued in those ca^^e^ in whieli, after pome per- 
sistence in the cylindiical form, a single couatrictiou only was produced. 

£ repeated the experiment upon each of the two cylinders twenty times, in 
order to obtain a mean result As soon as one transformation was completed, * , 



* 8e6 the second note to paragraph 4G. 

t We shall see, in the foUowiitg serieB, to what this sipgnlar modification in the figors is 

owing. 
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I reunited the two mnfses to which it had r^ivon rise, and again foiined the 
cylinder,* in order to proceed to a new meiu-^uro of the time. 

The nuuibor of seconds are given below; each expresses the time which' 
elapsed from the moment of the tvansformatioii of the cylinder to that of the 
raptnro of the line. These periods were determined by means of a watch, which' 
heat the ^ths of a second. 

Cylinder . Cylinder 

15 n>n»m«. in diameter. 90 mimmg. in diiunAter. 

// tt • ft ' ft 

20.0 36.4 09.6 01.6 

26.6 32.0 73.0 68.0 

28.0 30.4 57.0 73.6 

30.0 24.6 61.0 61.8 

24.8 32.6 67.8 53.0 

35.2 33.8 60.0 58.0 

27.0 33.8 63.6 63.8 , 

30.0 20.2 *. 54.2 60.0 

30.4 28.6 61.0 52.6 

29.8 32.6 62.6 55.2 

Mean 29".59. ' ^ Mean 00".38. 

It is evident that the numbers relating to the same diameter do not diffe 

sufficiently iVom onch oflier to prevent our.rojrnrdiii}:^ tlic proportion of the two 
moanf clo^dvnjiproximarii:^ to tlie tnio })ro})ortion ot'tlic durationp. Now the 

Sroportion of tiioec two means is 2.04, i. e., ahuoat exactly c(|ual to that of the two 
iameters. MoreoYer, it is evident that in the ease of each of the latter the 
greatest of the numbers obtained must correspond to that case who e the cylinder 
is formed in the most perfect manner ; consequently it is probable that the pro- 
portion of those two pv;tt* tit Tinmbcr.« al.-^o tloiscly ap]iroximatei* to tho tine 
proportion of the duraiiou^^. Now, these two numberw are, on the uiie hand 
36.4, and on the other 73.6, and their proportion is 2.02, which number differs 
still less from 2, or from the proportion of the diameters. 

We may* therefore, admit that the dnrations relating to the.«e two cylinders 
are to each other as their diameters; whonce we deduce this law, that the par- 
tial d IT ration of the transformation ^f a cyliuder of the same kind is in proporttoQ 
to its diameter. 

I have said (§ 64} that the law thns obtained would of itself furnish a new 
motive for believing that it wonld not change if our short cylinders of oil were 
produced in vacuo or in air. In fact the proportionality to the diameter i:* the 

FiTn])li st pn^:>MbIr> law; and, on tlio other hand, tlio circunistanro? under which 
the jtliciioiiK uoii is produced are Icps simple in the case of liic presence of the 
alcoholic litjuid than they would be in that of its absence; consequently, if the 
law changed from the first to the second* it wonld follow that a simpltficatiOB 
in the circumstances would, on the contrary, induce a complication of the laWi 
which is not very probable. 



* This was offectcd by conducting the large mass towards th^ small one, by meamof ^ 
ring of which 1 spoke in the first note to paragraph 46. But care must be taken to prevent 
the ring, on separating fi-oni the liquid figure, from carrying away with it any perceptible 
qtuvutity of oil; fur this purpose, instead of making the entire ring adhere to the great luasSt 
.Ileft a funall portion of the latter free, and, n,s it« action was then insufficient to taake tl* 
large imi-s k in h tlir otlier, I aidi d it \>y frcnrly pushing tlic cil with the extremity of the 
poiiit of the svriufiti. Ou wilJidrawiug; tho ring alter the n-miiou of the two masses, onlty * 
very smali npnenue of oil separated from it in the alcoholic liquid, whldb in the next eipc*^ 
ment I a;^''uiii ii>i'!i d to the rest of tlic oil hy mraiis of tlio ring itsslf, SS ulso tha UtfgMt ^ ' 
the spherules arising from the transforomtiou of the line. 
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Wo mriv, tliorcforo, T tliink. IcLM'tiniafcl v ironrralizo the above law in accord- 
ancc witli the whole of the remarks made iu the preceding Btction, and deduce 
the folio wiug conclusions: 

1. If we conceive a cylinder of mercury formed m vacuo or in air, of sufficient 
length to fhrmsh Beveral gpheres, ita eouTex surface being entirely free, and its 
length Bucli that the divieionB assume exactly their normal length, the time 
whicli will <'lMpf«f; from the origin of the transformation to the instant of the 
rupture of tiie iiuua will be exactly or apparently proportional to the diameter 
of this cylinder. • 

S. The same very probably applies to a cylinder formed of any other very 
slightly viscid liquid, as water, alcohol* and supposed to exist under the 
sanio circumstances. 

3. Jt i.-^ possible that this Imv is completely genrral. i. e., npjilfcahic to a cyl- 
inder loruu'd, always under the same circumstances, of any kind of iiq^uid what- 
ever ; but our experiments leave us iu doubt on this point. 

66. Let us. now enter upon the eonsideration of the absolute value of the time 
m question for a given diameter, the cylinder always being !-np[iosed to be pro- 
duced in rarfto or in air. of sufficient Irnirtli to furnish several spheres, its cutirn 
convex surface free, and its length such that its divisions assume their noi mal 
length. It is clear that this absolute value muBt vary according to the natui-e 
of the liquid ; for it evidently depends upon the density of the latter, upou the 
intensity of its configuring forces, and, lasdy, upon its viscidity. The experi- 
ments which we have detailed give with regard to oil a very remote superior 
limit ; this results, first, from flie two causes wliieh we liavr mentioned in § G4, 
and wliifli arr (hn' (o the prcsciu'c of the alcoholic lifpiid ; hut with these two 
causes is connected a tliird, which we must make known. If we imagine a cyl- 
inder of oil formed under the above conditions, the sum of the lengths of a 
constriction and ft dilatation will necessarily be much greater in regard to this 
cylinder than in regard to one of our short cylinders of oil of the same diameter; 
for in the former tlit** sum is equivalent to the length of a division ; and \n con- 
sequence of the great viscirlity of the oil, this latter quantity must greatly 
exceed the luigth corresponding to liic limit of stability. Now, it may be laid 
down as a principle, that, all other things being equal, an increase in the sum 
of the lengths of a constrietionan^ a dilatation tends to render the transformation 
more rapid, and consequently to abbreviate the total and partial durations of 
the phenomenon. In fact, for a given diameter, the more tin- .*u:n in (|nr>Btinn 
diilers from the length corresponding to the limit of stability, tlie more the iorces 
which produce the transformation must act with energy ; moreover, as the traus- 
formation ceases to take place immediately above tihe limit of stability, the 
duration ti the phenomenon may then be considered as infinite, whence it fol- 
lows that when this limit if excrrMlcf], the duration passes from an iii'inite to a 
finite value, conscqnontly it nuist decrease rapidly as it dcviatef fT-nm iliis liniit ; 
lastly, this is &ho conlirmed by the results of observation, as we shall sl.ow 
hereafter. TIius, even if it were possible to form in tamo or in air one of our 
very short cylinders of oil, consequently to eliminate the two canses of retarda- 
tion due to the presence of the alcoholic liquid, the duration relative to the 
cylirKlor would FtiM e^cceed tliat which woulrl relate to a cylinder of oil of the 
same diauictci' iVu uicd under tlie coudilions ^\ <' have supposed. 

I have »*aiil that ilie principle ahove established is coufirmcd by experiment, 
t. e., for the same diameter, the same liquid, and the same external actions, if 
any exist; when, from any cause, the sum of the lengths of a eonstriction and a 
dilatation augment.-*, the total and partial durationB <>f tlie transformation become 
less. W(; shall proceed to make this evident. In the experiments of the pre- 
ceding: section, the partial duration relating to the cylinder, the diameter of 
which was 15 millimeters, was, for instance, about 30 seconds, the mean, as shown 
hy the table. Conseqaently* if we were to form in the alcoholic liquid a sunilar 
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cylinder of oil, the diameter of wLieh is 4 millimeters, the partial duration of 
this, in virtue of the law whieh we have found, would ho nearly equal to 
30" -1-4 

-= — — b". Now, in the ucarly cylindrical ligurc of oil of § 47, which 

figure is also fomed in the alcoholic liquid, the mean diameter was (§ 56) about 
4 millimeter?. In ihi:^ nnd the preceding figun'. the diameter, the liquid, and 
ih-' external actions t lu a are the same ; hut in th<- Ini uier, the sum of tlie iengtha 
of the coubtrictiou and the dilatation wuuhl only be equal to 4 millimeters, 
-H 3.6 = 14.4 millimctorB, whilst in the second, this sum, which is equivalent to 
the lepgth of a division, was (§ 66) approximatively 66.7 millimeters. Now, on 
observing this latter figure, we n^eognize easily that the duration of its trans- 
formrttion is much less than 8". In truth, froju the nature of the experiment, 
it is impossible with regard to this same ligurc to fix upon the commencement 
of the formation of a given constriction or dilatation, so that the complete dura- 
tion should considerably exceed that whieh would be deduced by the simple 
inspection of the phenomenon ; but the latter does not amount to one second, 
and there cannot be any doubt that it w<.ulil lir- -<.ini ton f;ir tn c-xtvuil the 
complete duration, and « yl;y//o/-/, the poTiion wliii h i i inin itcs at the rupiure 
t)f tlio lines, to two seconds. Thus ia the case wc have just considered, the sum 
of the length of a couBti'ictton and a dilatation becoming about four and a haJf 
times greater, the partial duration becomes at least four times less. 

G7. But if, in reckoning the absolute duration in the case of one of our short 
cylinders of oil. Ave only obtain with regard to this liquid one upper limit, and 
this nmch too iiigh, the cylinder of merrmy in § ''>') (which cylinder is formed 
• in the air, and the length of which iu proportion to the diameter is sufficient for 
the divisions to have assumed exactly, or very nearly, theii normal length) will 
furnish us, on the contrary, in regard to this latter liquid, with a limit which is 
probably more approximative and which M'ill be very n^i fnl to US* 

First, in the ca^o of this cylinder, tlie diameter of which, as we have said, 
was 2.1 miiiimLiers, the transformation docs not take place in a suilicieaLly short 
timp for us to c-stimate with any exactitude the total duration of the phenomenon; 
I say the total duration, because in so rapid a transformation it fsonld be very 
difficult to dcterniiue the instant at which the rupture of the lines occurs. To 
approximate as closely as possible to the valu^of this total duration, 1 have had 
recourse to the following process. 

By successive trials, I regulated the b(!ats of a mi'tronome in such a manner, 
that on rapidly raising, at the exact instant at which a beat occui-s, the system 
of glass strips belonging to the apparatus serving to form the cylinder, (§ 50 and 
51,) the succeeding beat appeared to me to coincide with the termination of the 
transformation; then having pnti^fied myfsclf several times that tliis coincidence 
,'ippo,;r<'d vcVy exact, 1 detriniin( d rhe uuiati.m of the interval between two 
beats, by c(iuming the oscitiatious unide by the iustrumeut during two minutes, 
and dividing this time by the numbw of oscillations. I thus found the valoo 
0'^39 for t he interval in question. The total duration of the transformation of 
our cylinder of mercury may therefore- be valu^ appioximatively at 0".39, or 
more simply, at O'M. 

But the entire convex surface of this cylinder i.- not free, nnd its contact wiib 
the plate of glass must exert an inlluence upon its duration, both directly as 
.well as by the increase which it produces in the length of the divisions. Let 
us examine the influence in question under this double point of view. 

The direct action of the contact with the plate ia undoubtedly very slight; for 
«s soon as the transformation commence?', the liquid must detach itself trora the 
glass at all the intervals between the dilated j)arts, so as only to touch the colid 
plane by a series of very miuute surfaces belonging to these dUated part-?; 
consenuently, if the direct action of the contact of the plate were alone elimbiatedf 
«. ir we could manage so that the entire convex snrfiice of the cylinder fihodd 
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be fi-ce, but that the divisions formed in it should acquire the same length as 

before, thr ti^tal duration would scarcely l>o nt all diminifihcd. 

There still remains the eflect of the clong;atioii o)' iIh- ilivtsiioiis. The leuf^th 
of divisions of our cylinder is equal to 6.35 tiuieji the diameter, (§ 5G,) 
whttBt, aoeordtng to the hypothesis ef the complete freedom of the convex sor- 
face, this length would very probably be Icsa than four times the diameter, 
(§ 60.) Now, in virtue of the principle established in the preceding seel <m:. tliis" 
increap<^' in the length of the divisions necpF=sarily ^nf^il^< a •liniinution in the 
duration, which diminution is more consideiuljle iii proportion as it occurs iu 
the viciuity of the limit of stability ; consequently, if it eould bo manaeed so that 
ihe elongation in question should not exist, the total duration would bo very 
considerably increased. Thus the suppression of the direct action of the con- 
tact of tilt' [>I.it( w ould only produce a very slljxht diminution of the total duration ; 
and the annihilation of the «']oii:;.u uni ot the divisions would produce, on the 
Other hand, a very cousidcraljle increase in this same duration. If, then, tUcso 
tvro influences were simultaneously eliminated, or, in other words, if the entire 
convex surfifice of our cylinder were free, the total duration of our transformation 
would be very considerably greater than the direct result of observation. 

Now, the qnnnfify which we have to consider is the partial, and not the total 
duration ; but, luuler thi -ame circumstances, the first mtist be but little less 
than the second; for when the lines arc about to break, the masses between 
which they extend even then approximate to,the spherical form ; consequently, 
in accordance with the conclusion obtained above, we must admit (hat the 
partial duration under our present consideration, i. e., that referring to the ca.sc 
of the com[>1ore freedom of the eon vex t^urfacc of the cyliudcr, would Still excccd 
considerably the lotal duration observed, /. e., 0".4. 

In starting from this value 0".4 as coastitutiug liio lower limit corresponding 
to a diameter of 2.1 millimeters, the law of the proportionality of the partiid 
duration to the diameter will immediately give the lower limit corresponding to 
any other diameter; we shall find, e,g^ that for 6 millimeters this limit would be 
0".4 + 10 

- — l^.O, or more simply 2", 

If, then, we imagine a cylinder of moicury a centimeter in diameter, formed 
m vacuo or in air, of sufficient length to furnish sev^ai spheres, entirely free at 
its convex surfocc^, and of such a length that its divisions assume their normal 
length, the time which will elapse from the origin of the transformation of this 
cylinder to the instant of the rupture of the lines will considerahly exceed two 
second «. 

.68. It will not bo supertiuoua to present here a resumti of the facts and laws 
which the experiments we have describod have led us to establish with respect 

to unstable liquid cylinders. 

1. When a liquid cylinder is formed between two solid bases, if the proportion 
of its length to its diameter exceeds a certain limit, the exact value of which is 
comprised between 3 and 3.6, the cylinder constitutes au unstable iigure of 
equilibrium. 

The exact value in question is that which we denominate the limit t*f stability 

of the cylinders. 

2. If the leiigili of the cylinder rnnsitlerablc in proportion to its diann fer, 
it becomes pponianeously conv( rred, by the rnptnre nt* equilibrium, into a scries 
of isolated spheres, of equal diameter, equally distant, having their centres 
upon the right line forming the axis of tiie cylinder, and in the intervals of 
whichf in the direction of this axis, spherules of different diameter.^ arc placed ; 
except that each of the solid bases letams a portion of a sphere adherent to its 
surface, ♦ 

3^ The course of the phenomenon is as fidlows : '^rh(> cylinder at first gradually 
swells at those portions of its length which are situated at eq^ual dislauces from 
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each other, whilst it becomee ^intier at the intermediate portions, and the lengUi 
of the flilatntiniiH thm formed is equal, or nearly m, to that of the constrictions; 
these modilications become frradually more in.irkcJ, cnsuing^ with acci lci ircd 
rapidity, until the middle of tlic con^irieLiouH had become very thinj then, com- 
mencing at the middle, the Mi^vAd rapidly retSrea in both directions, still, howeveft 
leaving the maascs united tiro 4ind two by an appan utly cylindrical line ; the 
latter then experiences the same raodificationa as the cylinder, except that there 
are in ^piioral only two constrictions formed, which consoqnontly include a 
dilatatiuii between them ; each of these little constrictions becomes in its turn 
converted into a thinner line, which breaks at two points and qWq^ rise to a 
very minute isolated spherule, whilst the above dilatation becomes transfomed 
into a larger spherule; lastly, after the ruptui'e of the latter lines, the lai^ 
ma??es .tssnme completely tlin splieiical fonii. All tho.-o phrnnmrna occur 
Byininn it .illy as reg^ards the axis, 80 that, throughout their duration, the figure 
is uivvayc* a iigure of revolution. 

4. Wo denominate divmont of a liquid cylinder, those portions of the cylmder, 
each of which must furnish a sphere, whether we conceive these portions to exist 
in the cylinder itself, before they have begun to be appar^t, or whether we take 
them during the tmnsformation, t. ft, whilst each of them is becoming modiflc l 
80 as to arrive at the spherical form. The len^'rh of a division ct^nsequeuti} 
measures the constant distance whieii, during ihc uaubiurmatiua, k iucludeil 
between the necks of two adjacent constrictions. 

3Ioreover, by normal length of the divisions, we denominate that which iho 
divisions would assume, if we length of the cylinder to which they belong weie 
infinito. 

In the case of a cylinder which i? limited by solid bases, the divisions also 
assume the normal length when the length of the cylinder is equjd to the pro- 
duct of this normal length by a whole number, or rather a whole number and a 
half. Ti l n, if the second &ctor is a whole number, the transfDmation becomes 
disposed iu such a manner that during its accordplislimcnt the fiirnrc terminates 
on one sido with a constriction, and on the other with a dilatation; it" the second 
factor is composed of a whole number and a half, the figure terminates on each 
side in a diUtatwn. When the length of the cylinder fulfils neither of thess 
conditions, the divisions assume that length which approximates the most closely 
possible to the normal length, and the transformation adopts that of the two^ 
above dii*poi?itions which is raoft Fnitnhlc for the attainment of this end. 

5. In the case of a cylinder of a ■i;iv('n diameter, the normal length of the 
diviiiious varies with the nature of the liquid, and with certain external circum- 
stances, such as the presence of a enrrpunding liquid, or the contact of the 
convex surface of the cylinder with a solid plane. In all tho subsequent stats' 
ments we shall take the simplest case, i. ft, that of the absence of external 
circumstance s ; in other words, we shall always suppose that the eylindors are 
produced in cacuo or in air, and that they are free as regards their entire couvex 
surface. 

' 6. Two cylinders of different diameters, but formed in the same liquid, sod 
the lengths of which are Buch that the dividons assume in each of them their 

normal lfii£;tl), hocnmc subdivided in the same manner, i. e, the respective 
normal lengths of the divisions are to each other as the diameters of these cyl- 
inder. Jn other words, when the nature of the liquid does not change, the 
normal length of the divisions of a cylinder is proportional to the diameter af 
the latter. 

The same consequently applies to the diameter of the isolated spheres into 
whicli the normal divisions become converted, and to the length of the intervals 
whicli separate these spheres. 

7. The proportion of the normal length of the divisions to the diameter of tlie 
cylinder always exceeds the Umit of stability. 
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8. Tl|iB proportion is greater aiT ihe liquid is more Tiscid and as flie eonfig- 

nring forces in it are weaker. 

0. In the case of a cylinrler of mercnry, this proportion is much less than 6| 
and wn may admit that it ia less than 4. 

In the caae of a cylinder composed of any other very slightly viscid liquid, 
sneh as water, alcohol, &e.t it is verjr jn obahle that the proportion in question 
is very nearly 4. Uence, in the case ef the latter liquids, we have for the 
probable approximative v.il-.v i f the proportion of the diameter of the isolated 
sphoros retfulting from the tiauafonii ition and tho diaiurter of the cylitidor, the 
nniuber 1.82; and for that of the projxatioTi of the distance of two adjacent 
spheres to this same diameter, iho number 2. IS. 

10. If mcrciirv is the liquid* and the divisions have their normal length, the 
time which elapses between the origin of tiie transformation and the in^^tant of 
the rupture of the lines* is exactly or apparently proportional to the diameter 
of the cyliadcr. 

This law very probably applies also to each of the other very sliglitly viscid 
liquids. 

This same law may possibly be general, i» e*, it may be applicable to all 
liquids ; but our experiments leave this point uncertain. 

11. For the same diameter, and when the division?? aro nTw.irs of llimr normal 
length, the absolute value of the time in question varies with the nature of the 
liquid. 

12. In the case ofmercury, and with a diameter of a eentimeter, this absolute 
value is considerably more than two seconds. 

13. Wltcn a cylinder is formed between two solid bases sufficiently approx- 
imated for tho proportion of the normal length of tho cylinder to the diameter 
to be comprised betwiM-ii once and once and a half llie limit of stability, the 
tiansformation gives only a single constiictiou and a single dilatation ; we then 
obtain for the hnal reealt only two portions of a sphere which are unequal in 
volume and eurvature, respectively adherent to soud bases, besides interposed 
apbenilea. 

(lO BB OOXTBUID Dl THE HEZT BBPORT.) 
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There aro two great t'«ir< ( <>i' nature everywluMt? present and at every 
moment exertiiipr tlieir inttiK lu r, nami ly. frravitatiou and magnetii^m. They 
are similar iu many particulars, all ]K i vatling aud perliaps c<jually powerful. 
The magnetic phenomeaa of the eartbi however, do not manifeet th^neelTes as 
freely to tlu^ senses as tbose of gravitation, and the natundiet is obliged to em- 
ploy rehned, aud, iu some cases, complicated apparatus to study the laws of its 
opi'ration. ' In this artich; we purpose to present to otir readers a J^ketrli of the 
earlier discoveries relative to mugnetis^m, and in doiug ao we bhall aLiO briefly 
cxpiaiu the general priuciples of the science. 

There ib found in different parts of the earth a mineral of a dark coIot, 
principally composed of iron and oxygen, which has long been an object of ill* 
terest to the ip:iinr;int n-^ ^vell as the learned, priiu-ipally on ncconiit of tlie attrac- 
tion whicli it rxhiliit,'^ U>i' iron, and the wouderi'ul property which it iniji.irts to 
steel ueedies ol pointing toward the polca of the earth. Its eonijjositinu may 
be expreaied chemic;illy by the formuleD Fe O + FcjOs, being u cumponna » 
of the first and second oxide of iron. It is called loadstone, and ocenni mool 
generally in primary mountains of gneiss ; chlorite slate, in primitive lime* 
HtoiMv and sometimes in considerable masses iu serpentiuc, and iu trap. It is 
found in gieat quantity and purity at Kosslay, in fewedeu, iu Corsica, on the 
islaud of Elba, in ivorway, Siberia, 8axouy, liohemia, and in the Ilort^ muuu- 
tains. A hill iu Swedish Lapland, and Mount Puinachanebe, iu Chili, are said 
to consist almost entirely of iuaguetic ore. Extensive beds of magnetic iron ore 
are found iu various places in the United States, aud iu some of these occur 
masses of tho mineral po8se.»»sin<r polarity ; such afi those at ^farshall*?: island, 
Jilaine, at M.ignet's Cove, Arkansas, at (iosheu,. Chester county, Penusyivania, 
and Fraiikiiu, Mew Jersey. 

It has been asserted that this mineral is not magnetic in its natural eonditkm 
in tbo mine, but that the pieces only exhibit this property after having been 
exposed to the light ; but tliis statement has not been verified, and is appai^atly 
at variant'o with wol -ostalilished facts. 

The s])ecimcus ot this mineral arc usuiilly so hard that they produce fire when ' 
struck with steel, and it is this circumstance which renders them so difficult to 
be worked into proper form for exhibiting in the best manner the magnetic 
property. 

'J'lie name magnet, by which the mineral is known to us, is ssnid to ]j( <]< rived 
from iMagnesia, a city in Asia Minor, where it was iirst found. 1 he liuiaaD 
poet Lucretius bems testimony to this iu a passage of his celebrated poeiu ou 
the nature of things, in which he states that the Greeks called this stone mag' 
net because it was found in the country of the Magnesians. 

This stati-meut is much more probable than the account given by Pliny, who 
derives th(! name of magnrt i'rom Mairin's, a herdsman, who, iu giiarrlinir Ids 
tloi k on j\tount Ida, found himself suddenly held fast to a magnetic rock by iiic 
irou uails iu his shoes and the iron point of his staH'. But whatever may be 
the origin of the names by which the magnet has been designated in different 
languages, it is a remarkable fact that they show distinctly tbo idea that pie* 
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railed in every part of the world rcBpccting the phenomoDon of its attraction 

of iron. In tho.se cnaes wlion; tin" routs i>f tlic l;»ngua<^('a linvo no analogy 
whatever, the 'idt^im oxprofj.^fd by the lerm^ arr (tlirn idi'ntieal. in some, in- 
deed, the attraction itecJf its ulouc expressed; bui in the majori^ of cases the 
motive of attraction is embodied witb ttr-^ supposed affection for the iron — a 
love for it is expreseed. It is the same in the European and Asiatic languages ; 
aad aa the magnet U fmnid in all, or nearly all, the conntries of the Old World, 
we can only suppose tii it il nYn^c in mo^t cns<M in r'Vfry language independently 
of finy other. Nor is thits peeuliarity w holly ctjiiiined to the names amongst 
nations of the most poetic temperament, bIhcc even the Chinese have the same 
Idea in their Thsu-chy (tlie common nam*^) or locetioM* What may appear 
moat snrpriBing la, that the name of the magnet seldom oectirs in the older 
poetry of any country; but probably this arose from the unpoelic subject, 
nim' ly, that of iron, with which it w^as coupled. In the poetry of later times, 
however, allusion to the magnet often occurij, and in several beautiful passages • 
of our own it would bo easy to point it out, both in expressing love and con- 
stancy — ^the former by its attractive, and the latter by its direct power. No 
phrase, indeed, is mon; fimiliar than to call the object of affection tin in ignet." 

From all the records v. likli r( fn- \o the subject, we must covielnili* that the 
aneieuts had at an early periuil u knowledge of somo of the itene 'obvious 
plaiiomcna of magnetism, and that th(^y possesseti magnets of considerable lift- 
ing power. They appear also to have been acqoainted with the means of in- 
creasing the attractive power of the loadstone by the application to its poles of 
what is called an armature, that is, liy iipplying pieces of soft iron to the parts 
of the .stone which exhib't^ed the i^rcaic.-t adraerton. and Avliieli. as we shall here- 
aller see, are called irs poies. Thus, Clauderms, in his work entitled Maguts, 
states that the wonderful stone gains power by contact with iron, and loses it 
again by the separation of this metal; 

The same anther describes a performance in a temple in which a ptatue of 
Venus, cut from a magnet, lifw d .in iron statue of Mars into the air. Lucian, 
in his work oji the Syrian f,n>(l,l --s, mentions a simihir performance, in which a 
statue of Apollo was lifted bctore his eyes by the priests without being touched, 
and remained suspended in the air.' Pliny also relates that Dinocrates, an 
architect of Ptolemy Phtljidelphus, commenced to bnild a temple at Alexandria, 
in honor of Arsinoe, sister of the King, of which the vault was to be built of 
ma«rnets. so that aji iion -tatue of ilic frmner might be su?pended in the air. 
This t< iu|de, however, was not linisiied because both Ptolemy and his archi- 
tect died before it could be completed. 

According to Ccdrenns and Aagustine, a similar performance was actually 
exhibited in a temple of antiquity. The former asserts that the etatae of an 
ancient god was held suspended by magnetic power in tlie scrapium at 
Alexandria, and the Intter. without nKtitioninir any particular temple, states 
that the suspenf'on was -iieh as to cau.^e the people to believe that ihc slatiie 
was soaring in the air. Matheolus, a commenta.toi«'of Galenus, relates a similur 
story of the coffin of Mahomet, which is stud to soar in the air in a sanctuary 
built of magnetic stones. 

These slatemen'.s, though probably founded on a limited knowledge of mag- 
netic p!i( iinmena, are -now known to be fibulous, since, after a full invesliirat ion 
of the subject, we are certain that it is imposeible to suspend in mid air, M ithout 
contact, a piece of iron by means of magnetism. The magnetic power diminishes 
very rapidly with the distance from the poles, and, in order that the iron should 
be suspended, it mni*t bo placed at the ezaet point in space at whieh the at- 
iraciifiii of t'l • magnet upwards would bo equal to the ffircc of gravity <lown- 
^varils; but ii' it could be placed in this position, it would not retain it for a . 
moment, since the slightect jju- or the least breath of air would disturb the 
equilibrium, and the iron would immcdiaici} lull to the floor, or spring up into 
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contact witli the poles of the magnet. Some plausibility was, lin-^ever, givpn 
to these ston't l)oc;uif50 magnets have been obtaiTicd which could sustain a 
heavy wcii^lil oi iron when the latter was in contact with the poles of the latter. 
Thus, Wolf mentions examjples of natural magnets whict could support, by 
meanB of an armatnTe, £rom sixteen to forty tim^, and even three hundred aad 
twenty times their own weight. Dufay had in his possession a magnet of nioe 
pounds in woiii^ht, which C'»ii1(l liold Hovonty-i^ix ]> >nnds. Af a croncv Ll rule, 
sra iUt r laaj^iirts can support comparatively more lliau larirn;- ones. Such, for 
example, as weigh from twenty to thirty grains will sonu'ttmes support lifty 
tlmea their weight, whilst magnets weighing tAvo ponnds scarcely ever snstain 
ten times their own weight. According to Dr. Martin^ Sir Isaac Newton h;^ 
a magnet which was set in a finger-ring, and which, though only of three 
grairr^* hi weight, could hold seven liuudrfd and forty-six grains. In ih " philo- 
sophical cabinet of the university at Dorpat there is a magnet weighing forty 
pounds, including the armature and a copper case, which is able fo sustain 
eighty-seven pounds. A still larger one is fonnd in Tyler's museum, whieh 
weighs three hundred and seven pounds, the armature inclusive, and holds 
more than two hundred and thirty pounds. Not less considerable was the 
magnet which John I, King of Portugal, received as a present from the Em- 
peror of China, which weighed a little over thirty-eighty pounds, and was able 
to support two hundred and two pounds. 

But to return to the direct continuation of our history, we should state that a 
tradition of a very ancient date still exists in China respecting a mountain of 
magnetic ore rising in the midst of the sea, the intensif y of attraction of which 
is f o <p-viit as to draw the nails and iron bolts with which the planks of a ship 
are fastened together from their places with such force as to cause the vessel to 
fall to pieces. This tradition is not confined to China, hut is very general 
throughout all Asia ; and the Chinese historians assign to the mountain a spe- 
cific place which they call Tchang-hai, the southern sea, between Tongpim and 
Cor/t/?i-( 7/fnrr. Ptol -vv. , also, in a remarkable passage in his ^eo5^*aphy, 
places this mountain in tiie Chinese seas. In a work attribut*'*! to Sr. Ambrose 
there is an account of one of the islands of the Persian Guit, called Mammoles, 
in which the magnet is found, and the precautions necessary to be taken in 
huilding ships without iron to navigate in that vicinity is distinctly specified. 
In two passages of the workof the Arabian geograplier, Chenf-Edrlst, and in a 
remarkable one in the npoeryphal Arabian translation of tlie "Treatise on 
Stones," attributed to Aristotle, tlie existeuer nf this mountain is again specifi- 
cally stated. A reference to it also occurs in Vincent do Beauvaia, a Fieuch 
writer, who had been in the holy wars ; and, after his time, in the works of a 
gr3at number of European writers. 

A circumstance remarkable enough is. that the Chinese writere place tbia 
ma;j;n(':ic mountain in precisely the same geographical mirion in which it ia 
staled to exist by the autlior of the voyages of Sinbad tlie Sudor. This has 
boen justly looked upon as a coufirmation of au opinion as to the oriental 
origin of a great number of the tales, half fiction, half fact, which are so umve^ 
sally diffused among the legendary literature of every country as to appear 
indigenous in each of them. We would not, however, p:o to the extent of saying 
that all onr nursery fictions arc derived from tlie » a>t, though it cannot be 
denied that a great number of them are of oriental origin. 

It is not surprisine that the magnet which exhibited such extraordiiuiiy 
physical effects should have attributed to it wonderful moral and medicinal 
powers. Accordingly we find the belief entertained that it could enable its 
possessor to gain the confidence of princes, the affection of women, and to 
secure conjugal love, as well as cure the gout, the licadaclK*, and tlie heartache, 
lu a little book of secrets, extracted from Albertus Magnus and others, was one 
to ascertain whether your sweetheart did reaUy love you, and another to dis- 
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eoYer whetlier yonr bride bad manned yea from motiTea of afibctkn or others 
wne. Both were to be effected by the myetieal noe of the magnet. 

It has already been mentioned that on the surface of a magnet there are two 
points at which the attractive power manifoHtH itt^elf^with the ^rcate^t intensity, 
and that thcfie points are called poles. If a piece of soft iron is presented to 
one of thcbc poles» the iron itself will become a magnet of inferior power, will 
exhibit two poles, and attract a second piece of iron ; this second piece of iron 
win *in torn Deoome a magnet, and attract a third, and so on. The power may 
thus bn developed in a series of iron bars placed end to end, provided the original - 
maffuet hR« confiflerablc j»ower. If, instead of bare of iron, small jiarticles, 
sncn as iilings of iron, be placed under the influence of the magnet, they will 
adhere together in masses, and form a kind of beard around the poles, or, if they 
are aprmCled on a sheet of paper placed over the magnet, they wUl be attracted 
to the poles and to each other, forming cnrves of great regularity and beanty.* 

The? e experiments were known to the ancients, find Lucretius must have peen 
them performed by tin' prie-st'^. since he describes them minutely in his poem 
to which we have previously aiiudcd. In this he states that iron filings con- 
tained in a brass rasin appeared to boil when a magnet was moved nnder them ; 
that a row of iron rings wonld hang one below the other on a magnet, and that 
these experiments were performed by the priests in connexion with the Samo- 
thraccan mysteries. A similar experiment was exhibited at a festival held every 
ninth year in honor of Apollo at Thebes, in Boetia, which consisted in hanging 
one iron ball on another. Theae experiments were undoubtedly made by means 
of a strong magnet inducing its power in pieces of soft iron, the latter ezhildting 
the attraction as long as they were; in metallic contact with the jfoimer, bat im- 
mediately losiuL,' the power when the contact was severed. 

It is only when the iron has been rendered hard by hammering or twisting 
that it is able to retain a small amount of magnetism. But if, instead of soft 
iron, bars of tempered steel are placed in contact with the pole of a magnet, 
they will at first not be attracted as powerfully as those of iron I bnt if th^ 
are allowed to remain in contact for some time, or if mbbed with the magnet, 
they will fully acquire the magnetic property, and retahn it aftw they naye 
been eeparated from the inducintr ma;xnet. 

If a bar of steel, which haa liius been rendered permanently magnetic, and 
oi which its polos ane at its ends, be placed on a piece of cork, and allowed to 
float horiaontally on water, or if it be snpported on a firm point at its centre of 
gravity, or, still more simply, by a fine thread, so as to nave free motion in 
every direction horizontally, it will not remain at rest indiffcrcRtly in any , 
direction, bnt will turn its* If so as to point -with its poles to a definite region of 
the earth, the one to liio north, and the other to the south. If two such movable 
magnetic bars are brongh^ near each other, the poles of both which point to die 
north, and also those which point to the south, will repel each other, whilst the 
pole which points to the north in the one will attract the pole whidh points to 
the south in the other, and vice iwrsa. 

The directive property of a freely suspended magnetic bar towards certam 
points of the horisson, which is generally called the polarity of the needle, was 
not known tor western nations as early as the attractive power of the magnet 



* A very interesting oxperimf'nt. wL'icli may be called the exhibition of mairnotic sp rtrc3, 
ooluists in tracing ou a polished plate of steel, such as the blade of a wide haudsaw, nu image 
in omtline with a pencil, and afterwards passing slowly and with some pressure along the 
lines of this iraap^o one of tlio tapered poles of r ^t aif^ht ma^et of considerable power. If a 
sheet of white paper is afterwards pasted smooilily over Uus steel surface, and against this, 
while it is Imm -rartieally, fine iron filings are projected fix>in abox with a perforated cover, 
the i rage Will Start hUo qiistaniMi on the biank paper, as if bj nogic, in fines of bristUag 
filings. 

The imago is InterratiBgly shown by drawing a seipeatine Hne on a lon^ saw hlade^ to 
Hjpmeatasoake; the c on f^^pintlon of the filings gives a peeiil&tfeffiBott^ 

Ids 
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for iron. It is trae that King Solomon ia said to have been acqiiauited with ! 
the use of the nuuiner's compass, aod the Hebrew Parvaim, to wnkh be sent 
his vessels for treasaree, is s^ud to have been no othw oontitiy than Pera itself; 

but, since Solomon employed Phenician seamen, the compass would iipcppsarily 
havo boon known to the Phenician?, and from these the Greeks and the Xtomaus 
would most certainly have learnt it« upplicaiiou. 

The claims of the Ohinese to th^ aiscoyery of the directive power of the 
magnet, and its application to navigation, has long been affirmed and denied ; 
but it hm of late been defended by an author of much learning and ability, 
namely, Klaprorh, in a letter to TTiimboldt. It is difficult to mention any useful 
contrivance N^ hich is not in Bome degree known to thia singular people, or any 
period in hidtory when they did not know it. The great obstacle which has 
stood in the way of admitting the daims of the Ohmese to many of these in- 
ventions is the mgb antiquity to which thdr records profess to ascend, and dtfir 
consequent incompatibility with our own received chronulo*;y; but whoever has 
looked with any degree of attention upon the fragments of their t*cii;ntific his- 
tory, and the incidental mention made of things which were i'amiiiar to the 
writers, but which did not form the Drinci|)al object of the record, cannot ftfl to 
be struck with the apparent general consistency which runs through all their 
claims to high antiquity, and to be forced to the conclu^iou t hat there is stiU 
wanting a key to that consistency which is not famished by the sweeping 
charge of the forgery of their auuals. 

It haa been said that the hue arts of China appear more like being in a con- 
dition of gradual decay than in a state of fireshness and energy, and that it may 
be possible that their arts, as well as those of Egypt, were transferred from soiM 
older people, who were in a condition of decline ; but this is mere conjecture, 
unsupporte d by any evidence, either written or oral. In regard to the Chinese, 
it would appeal", liora the little progress they have made since they became 
known to history, and their want of knowledge and appreciation of the sciea- 
tifie principles on which art is founded, that tiieir condition is just such as 
wonlu be produced in an ingenious people in a long time by the accidentsl die* 
coverics of facts, and tlieir cuipirlcal application to the wants and conveniences of 
life. After a certiiin time, sucli a people would make no further progress; the 
facts which could be gathered from casual observation would be exhausted, and 
the advance in civilization, as well as the increase in population, would becoiod 
exceedingly tardy. 

Duhalde, in his account of China, states that the inhabitants of that country 

were acquainted willi the polarity of the needle in the earliest times ; that hun- 
dreds of ye;u*.'< ))(!tbre our era they used, in their land excursions, an in^^trnment 
in which the movable arm of a human figure invariably pointed towards the 
south, as a means of assistance in finding their way through the grass-comd 
plains of Tartary. Even as early as the third century of our en» about sevsil 
nimdred years before the introduction of . the mariner's compass into the Euro- 
pean seas, it is asserted that Chiie^-^" vessels sailed on the Indian ocean, directed 
by magnetic polarity pointing towards the south. Humboldt has shown that, 
according to the "Fun-Tsaou," (a work on medicine and natural history, 
written four hundred years before the time of Columbus,) the Chinese suspendM 
tiie magnetic needle by a fibre of silk, and found that it did not point &eedy 
towards the south, but devi;ited pomewhat towards the southeast. 

The directing property ot" the magnetic needle, and its use in navigation, 
became known in Europe at a considerably later period. It is mentioned, for 
the first time, by Are ^rode, an ledandie historian, who was bom in 1068, ac- 
cording to the testimony of Snorro Sturleson, and who must have written htf 
History of the Discovery of Iceland towards the end of the eleventh century. 
In this work he states, in the most unequivocal manner, that, in his time, the 
directing property of the magnetic stone was known. He also states that in 
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ihe year 868 Poke Vilgcrdanon, the third discoverer of this isUuid, a noted 
pirate, tailed fi-om Kogaland, ia Norway* in search of Iceland, or CkurdiarBhohn, 

as it was theu called, aud took with him as pilots three ravens. To consecrate 
those to their important purpose, he instituted a grand sacrificial ceremony at 
Smoersuud, when his ship was at anchor ready to Bail; for, says Are Frode, the 
seamen in the northern regions were as yet unacquainted with the use of the lead- 
ing stone. 3y the term leading atone uie writer designated the natnral magnet, 
which, in English, is still called loadstone or leadHtone. It may, however; be 
presnmedt from this fomi of exprepsiuu, ih.it in Fiode's time the compass pro- 
pfM ly was not yet known, but that the natural m;i;i^net was 8n««ponded by a 
thread. According to the testimony of Ilansteen, mention is made of the leidar- 
atone or aolar-atone, in the Sturlnnga Saga. Gilbert, in hia celehrated work 
*<De Magneto,'* relates that, according to the report of Flavina Blondna, the 
Amalfitanea (Amalfial) In Naples, first, about tin year 1300, constructed and 
applied the mariner's compass, and this according to the direction of Jolm 
Gioja. one of their fellow-citizen?. Tie prc^iiraps', however, tlirit more probably 
the knowledge of this compass had been brought from China to Italy, by Paul 
Venetna, about the year 1260. Gioja, of Amalfi, was, nevertheleas, at least the 
first who placed the iiia<^'netic needle on a point, and divided the oompasa, ac- 
cording to the points of the horizon, into eight divisions. 

That the mariner's compass, however, wan known at an earlier period in the 
south of Europe, although in a rude form, is evident from a passage of a satirical 
poem, which was published by Guyot de Provins in 1203, and of which the 
original mannscript ia atill preserved in the royal (imperial) library at Parts. 
It is mentioned in this poem that the seaman easily finds the northern direction 
by the assistance of an n^^'ly, black stone, called mariniere, and this even unrlcr 
a cloudy sky ; that for this purpose it was only necessary to mb a needle with 
the stone, and then, attaching the former to a straw, allow it to swim on 
water, when it wonld point to 3ie north. Cardinal Vitri, who lived about the 
year ISOO, alao makes mmtion of the magnetic needle in his history of Jemaa- 
lem, and remarks, moreover, that it is of inestimable value to mariners. 

That the mariner's compapf? was known to northern nations is evident from 
the history of Norway, by Torlkus, in which it is stated therein that Yarl 
Stula was rewarded with a compass for a poem written on the death of the 
Swedish count Byrgeres. The directive force of the magnet is also distinctly 
alluded to in a letter to Peter Peregrinus de Mareourt, which waa written 
towards the end of the thirteenth century. This letter was directed to " Sise- 
rius de Foucancourt, a soldier in the service'of magnetism," and contains a de- 
scription of the magnet, of the means to lind its poles, aud of its jiecnliar 
attractive property in regard to iron, and finally proves that the extremity of 
the magnet which tuma towarda the north is attracted by the one that turns 
towarda the aouth. One of the oldest treatises on magnetism is contained in a 
Latin manuscript of Peter Alsiger, which is found in the Univ(?rsity library at 
Leyden, and was written in 12(39. This manuscript, which seems to h.xvf been 
composed for the instruction of a i'rieud, is divided into two parts, ot whicii the 
first contains ten, and the second three, ohapteis. In the second chapter of the 
aeoond part the mariner's compass is disUncUy and perfectly described ; and 
what ia Still more interesting, the author does not only mention the variation 
of the maf:^netic needle from the tnie north pole, but also {jivps an account of 
the accurate observations which lie had made in regard to the amount of this 
deviation. "Observe well," says he, *' that the ends of the magnet, aud those 
of iJie needle rubbed with it, do not aocuzately turn toward the poles, but that 
the end whidi points toward the south inclines somewhat to the west, and the 
one pointing to the north in an equal proportion to the east." The magnitude 
of this deviation amounts* according to numerous observations, to five degrees. 
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The variation of the magnetic needle from the meiidion, or its declination, as 
it is called, was known berore l^e time of OolnmboB. to whom its discovery- bas \ 

been generally ascribed. His son, Ferdinand, iu tlie biography of his father, I 
written in Tfalian, and pnbli?hed nt Venice, in 1.571, relates tnat Columbus, on 
the 14th of September, (on the l;Uh aceordiiif^ to Irving,; 1492, when he was 
at the distance of :^00 leagues from the isle of Ferro, first observed the deviation 
of the magnetic needle, "a phenompnon, which/' as the recorder says, "had 
never been observed before." Oolnmbus fonnd tiiat at the dusk of evening the 
needle, instead of pointing towards the north Btar, deviated about half a point, 
viz., from five to ?ix dej^rees towards the northwe?^t. and on the followins? mom- 
iu'^ more. Af^tonir^hed at this discovery, he ob.^erved the needle for tbre« 
daya, and found that the deviation iuciea»ed the furlhec he advanced to the 
west. At first he did not call the attention of the crew to tiiis phenomenon, ndi 
knowing how easily they might be excited, to revolt. The sailois, howerar, 
soon became aware of the fact, anfl, on account of if, fell into the ^eatest con- 
sternation. It appeared to them that the very law3 of nature were changing as 
they advanced on their adventurous career, and that they were entering into a 
new world governed bj entirehr unknown influences, xhey saw the compaat 
losing Its tmtiiful character, and asked with ahum what wonld become of tDem 
without thb guide <m the traeldesa' inhospitable ocean? Columbus had to tax 
all hi? injrennity to appease their terror. He Ftated to them that the needle 
does not direct itself strictly t0A\ ards the polar star, but towards another invisi- 
ble point in the sky', and that the variation of the magnetic needle was not doe 
to a change in the ^compass, bat to the motion and the dhinial revolution of liiit 
celestial point around its pole. The confidence wliich the sailors had in the 
astronomical knowledge of Columbus gave weight to this explanation, and their 
excitement w:i« oonseqnently calmed. Althon<rh, m-c hav(f seen before, the 
deviation wan known two hundrt^d years previous lo ihe \ oyage of Oolumbos, 
it is, however, evident from the facts just related that he made another discovery 
of not less importance, namel j, that of the diflNrence of the dedination in difib^ 
ent places of the earth. 

We find more accurate notionf? of the declination of the maf^nettc needle, but 
these are m late as the middh* of the seventeenth century. In the year 1541 
the deviation of the needle from the meridian at Paris was found to be trom 
seven to eight degrees to the east ; in 1550 firom eight to nine degrees ; and, io 
1580, eleven degrees and a half to the east. Nornum, who first observed the 
deviations in London, found it to^ be llj degrees in 1596, and Geliibiand, at 
the same place, in 1(534, fonr de^i^'eef towards the east. 

We have pcen by what pr(>ce(les that tho magnetic needle cfoes not point in 
all parts of the earth precisely to the geometric pole of the globe, and also that 
the amount of the deviation is not the same in all places. Bnt it is impoftast 
farther to remark that a magnetic bar, free to move in every dizection, will not 
remain stationary if j)laced in a horizontal position ; on the contrary, in the 
northern hcmi-^phcrc the north end of the bar will turn down towards the earth, 
and in the southern hemisphere the south end will as.^ume a similar potjition. j 
The bar will only remain horizontal in the region of the equator. The discovery ; 
of this important property, which is called the dip or hicnnation of ^ magnetie 
needle» has been generally ascribed to Robert Norman, (whose name has jnst 
been mentioned in connexion with the variation,) an Englishman, an experienced 
sailor, and, as William Gilbert calls him, an artist of genius. It h ^au\ the dis- 
covery was made by Normau iu the year 1576, but, according to authentic 
documents, it was known as early as 1544 to George Hartmann, vicar of As 
church of St. Sebaldus, in Nuremberg. Hartmann was in correspondence wilh 
Albert, Duke of Prussia, one of those enlightened minds who recognized the 
importance of the sciences even at their early dawn. Their correspondence, com- 
m endn g in 1541, was principally on scientidc subjects, bat the letter, which is 
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of the most interest to us at present, is dated March 4, 1644, aud contains acca- 
nte doBeriptioDB of three magaetic diaeoTeries whieh Hartmaxia had shown the 

year before, at Nuremberg, to Ferdinand, King of Bohemia, a brother of Charles 
V. This letter is found in tlic secret archive.-^ at Berlin, and was published 
by Mosor. llai'tmanu states in this that he had diBcovered that the oxtrr mity 
of the needle, which is intended to point to the north, must be rubbed with the 
end of the atone whieh points to the south, and that a needle so rubbed which 
has prerkmsly been aeeniately balaneed so as to reat horisontaUy* will, after 
the niagnetiaatioint uudine or dip at one end below the horizon, Furthor, that 
a large bar of iron placed vertically becomes so stroni^ly magDotic to repel 
with itH lower end the northern point of a compass needle. Tliis iact is best 
ghowu by using a lai|^ bur and a small needle. 

The met that' rastod iion han, whidi have renudned for a long time in a 
vertical position, exhibit always more or less magnetism, was first observed ht 
1590 by Julius Csesar, a surgeon, at Itimini, who observed that an iron rod, 
which had been placed for the support of the wall of the tower of the church of 
the Augubtines, had become magnetic. GasBendi observed the same, in 1G30, 
in an iron cross which had been thrown down by lightning iiom the church 
tower al Aiz. He ibond that the rusted extremities of thia ciosa had the qual- 
ttiee of the loadafbne. When, about the year 1722, the iron cross which had 
adornetl i'or several centuries the r-pire of the church tower at Delft was taken 
down for repair, tho celebrated Loeweiihoeck, on the suggeslicfti of a Ptrangrr, 
a«) he says, obtained a piece of the iron from one of the laborers, but no inha- 
eoee was exhibited by it on the eompass needle. Some tune afterwarda, however, 
the same laborer brought him a mated piece from the foot of the vertical bar, 
which exhibited more power of attraction than the two natnial magneta which 
Loewenhoeck possessed. 

Whilst magnetism made but slow progress by incidental observations, it re- 
ceived suddenly a powerful impulse from the investigations of Dr. Wiiuaiu 
Gilbert, of Oolcheater, England.. Thia diatingoished individnal, who was phy- 
sician to Queen Elizabeth, published in 1600 his "Dissertation on the Physiology 
of the Magnet," a work which not only contained everything known of magnet- 
ism and electricity up to that period, arranged in a tnily scientific manner, but 
also a numerous aud ingenious series of inve.-tigations on the subject by himself. 
He was the first who advanced the proposition that the earth itself acts, in all 
its parte, as a great magnet, in opposition to the ofwaiona of those who, either 
mnik Glaus Magnus, supposed that there existed great magnetic mountains of 
such power that ship.-*, in the conj«trnction of Avhich iron had not been entirely 
omitted, would be attractt-d and held fast, or with those who placed the power 
of attraction in the sky, hs, for instance, the astrologer, Lucas Gauricas, who 
supposed that a great magnet existed under the tail of Una lityor, a constella- 
tion in the northern hemianhere to which all compass needles pointed. Gilbert 
logically related these and similar fanciful hypotneses, and soostituted his own 
rational tle'ory in their nt* u! — a theory wliielt, in itr^ ir* ucral principles, has 
been rctamcd to the pre-f^eui tune. 11-' ;i!-^o aUempied to. cxplaiii, but with hm 
snccess, the declination of the needle by ascribing magnetism meiely to the 
solid }>art8 of the earth, and not to the water, so the needle would incline 
towards the continent, becanaea greater amount of magnetic power existed lIk re. 

It could, moreover, not escape the sagacity of a man like Gilbert, that the 
magnetic terminology, a8 he found it, was liable to great inconsistencies, lilven 
in our days we are still accums^tomed to call the end of the needle which points 
to the north its north pole, and the one pointing to the south ita south pole. 
Thia form of expresabn ia, neverthelesa, incorrect, for if wa admit that the 
earth is a great magnet, and tbat in the vicinity of the geographical north pole 
a magnetic north pole is .situated, this north pole could only attract the south 
pole of another magnet, and consequently the end of tiio magnetic needle 
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whieli tnrng towards it should be called the south pole. In like maimer the 

end of til© needle which points to iiic south should be called its north pole. 
Gilbert objected to the use of this iiiconsi.-fU'ncy, aud iutroduccd in its Btcud the 
corrnct nppr^llation. He did not succtn'd, however, in aboHshing the old terms, 
although phybiciatd agreed with him, and eveu some of the more recent 
writers on this subject bare adopted his forms of expression. This is die etae 
with the French authors on magnetism* and some of the English physieisti 
have endeavored to avoid the difficulty by using Ihe term north end for the 
extn mity of the needle wliich points to the noru, and die sonth. end for that 
wliieli irf directed to the south. 

The fact was still unknown, even to Gilbert, that the deviation of the mag- 
netic needle changes with time, and, upon the whole, there is bat litUe tnut* 
worthy testimony to sliow to whom the discovery of the secular varistkni 
of the magnetic needle is to be attributed. Although observatioiis made 
Paris aiul London exhibit in different year^ a difference in the variation?, the ! 
idea could not be seized upon at once that the needle ehanji;ed its position i'miu j 
one yviiv to another ; on the contrary, it appeard that the diflereuceB obticived i 
were considered as errors of the observations. Gellibrend, however, who obsenned | 
the variation in 1634, in London, finding it different from that observed by 
Gunter in 1622, and that by Burrows in 1580, eoncluded that tiie deviation was 
vririaMe, and therefore the discovery is generally ascribed to him. Although 
the i'rench had observed as early as li>41, 1550, and 1603, iu Paris, four 

different variations, and altbougli Gunter, iu London, had also found a devis- 
tion different from .that of Borrows, the honor of the discovery cannot be 
ascribed to any of them, H^ince the one who makes a discovery is he who first 
clearly perceives the essential particulars of the phenomena and gives an intel- 
ligible account of them; for this reason, and, indeed, with justice, the dis- 
covery of Uranus is ascribed to Herscbel, although Flamstexui had observed 
' it nearly a hundred years before, bnt had mistaken it for a fixed star. Tbe 
fact of the yearly variation of the magnetic needle was adopted and defended 
by Gassendi, in France, and was soon generally admitted, although it waa 
thon^'lit at the time that the motion was regular, or that the north end of 
the needle moved every year an equal amount towards the wee't. It was, 
however, soon discovered that its progress was far from being regular, bat it 
was still thought that the motion was so slow (hat the needle might be cod* 
sidered stationary at least for a few days. But this also proved to be iuoir- 
rcct when Father Guy Tuchart, iu 1682, observed the deviation in the city ef 
Louvo, in Siam, in presence of the Kiugj he found it on four, and ngaiu on 
three successive days to assume different directions, either increasing or deci-ea^- 
ing. The celebrated mechanist, Graham, in London, repeated these obserrar 
tions with better instmments in 1722, and discoveied that the needle chaogM 
its position not only from day to day, but even horn honr to hour ; that, indeed, | 
it does the same continually, and is, in fact, in a state of perpetual motion. ; 
Assessar Swedenborg, in his treatise on magnetism, expressed a doubt as to tho 1 
correctness of these propositions, and asserted that they were based upon errors 
of observation. This induced ihe celebrated professor Oelsius, at tTpssla* to 
repeat the observations of Graham. As early as in 1740 he oommnnicated a 
few results to the public, which showed the correctnt s^ of Graham's discovery. 

Ccl sins was al?o the firftwho, in compnny with Hiarter, observed the n mark- 
able audvioltMit disturl)ance^^ oftlie magnetic needle which accompany theappeai- 
ance of the aurora borealis, and it was he who also iirst established the tiict of 
the simultaoeous motion of the needle at different places on the earth. He hsd 
induced Graham, in London, to make observations simnltaneouslj with him, in 
order to ascertain whether the disturbances of the needle depends on local 
elui^rt 1, or on those affecting large portions of the earth. After the death of 
Ucisuis, Olav Hiarter continued his observations and published the records of 

• 
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the whole. From the comparison of these observations with those of Graham 
it was found that in Europe the needle is furthest to tlie eatit iu the morning from 
e%ht to nine o'clock, and furthest to the west in the afternoon from one to two 
o'clock, -whrn it again proceeds eastwaxdly imtU eight or nine o'clock in the 
eTening» when it either remains stationary for a few hours, or makes a small 
movemont of a few minutes back towards the west. Duriiiii; the nif^lit it g^ener- 
ally moves somewhat towards the east, so that iu the morning at eight o'clock 
it i& found u little more to the eastward than in the evening. 

•About the year 1786, Jokn Oanton, in London, made obserratlons on tke 
daily deviations, or of the yariations, as they ;nrere called, from which tiie 
rasult was dedneed that the legtUar daily motion about the time of the sum- 
mer solstice is nearly twice as great as at tlie winter solstice. In the first 
instance, it amounts to about ^, in the lath-r to about ^ of a degree. Can- 
ton endeavored to explain the daily western and the subsecj^uent eastern varia- 
tion of the needle by referring it to the infinence of solar heat on the mag- 
net ir-m of the earth. He supposes, since magnetism is weakened by heat, that, 
if in the forenoon the sun warms the eastern parts of the earth, the needle 
will be more attracted towards the wes^tern parts, and in a similar manner in 
the afternoon, when tlie sun has weakened the western side, the greater in- 
fluence of the eastern will draw the needle more towards that direction. 

Before proceeding fnrliher in the exposition of this sabject, we are obliged to 
•take a step backwards and direct onr attention to an individnal who produced 
an epocli in th(? tlieory of the TOag:neti?m of the eart'i. Wo albule to Dr. 
Edmnnd llailcy, of Eufz^land, who in 16is3 published hi.s theory of terreritri;il 
magnetism, which, in some particulars, stiii forms the basis of oi^ present 
theories. He advsaoed the hypothesis that there were fenr magnetic poles, 
two in the vicinity of each geometrical pole of the earth, so that in different 
parts of the earth the needle always okects itself in such a manner that 
the influence of the nearest poles overcomes that of the more distnnt one. He 
further u.-sumed that the pole which at that time was nearest to England was 
situated ou the meridian of Cape Landseud, at the distance of seven degrees 
from- the north geometrical pole, and that the other magnetic north pole was on 
the meridian of Caliibrnia, at the distance of 15 degrees m»m the north geometrical 
pole. He placed one of the two magnetic south poles 16 degrees fi'om the geo- 
graphical south pole, and 95 degrees west from London, and the other, the 
strongest of the four, at the distance of 20 degrees Iromthe south pole, and 120 
degrees west from London. 

In order also to explain the sneoessive variations of deviations, he advanced 
the remarkable hypotnesis that onr earth is a hollow sphere within which is a 
solid globe; that the two revolve around the pame centre of gravity iu nearly, 
though not in exactly the same time ; and furthermore, that the solid globe is 
separated from the exterior hollow shell by a liquid medium. He also supposed 
that the internal globe, as well as the external shdl, have each two msgnetic 
poles, and that the changing deviation of the needle was produced by the want 
of perfect simultaneonsness in the rotation of the two splieres. According to 
this hypotho.-jis the magnetic Jpoles of the external shell, while they do not 
coinciiUi with the geometric poles of the same shell, always retained the sarae 
position, aud, therefore, if the needle was only afiected by them, the variation 
wonld always remain the same at the same place ; bnt the needle being also 
acted npon by the magnetic poles of the interior globe, and as these slowly 
change their position relative to those of the exterior shell on account of the 
difference of velocity in the revolution of the two spheres, a change in the 
direction of the needle on all points of the earth's surface must be constantly 
going on. 

a£k> after a complete rotation' of the exterior witiiin the interior sphere tiie 
Tiriation mnst again become the same. This hypothesis created at the time a 
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great sensation, and in order to verify it and to dii^covta- IVom ob.^ervations the 
law of the variation of the magnetic needle, Halley obtained, ibrougU the in- 
flttenco of King William, the command of a email vessel of the royal Davy, in 
which be made two voyages in the years 1698 and 1699. He sooa retnzned 
firom the first voyage on actconnt of his crew having fallen sick after passing 
the equator, and also on account of the mutiny of liis lientenaut. In 1G5»9 he 
gaik'd again and craiscd in the Atlantic and raciiic oceans hi ^ ariuu£^ dirccdous. 
From these voyages he gathered a sufficient number of observations to enable 
him to |)i e{>are his celebrated prospective chart of the variations of the mag- 
netic needle. 

On this chart he connected with continued lines all the places on the earth 
where similar and oqnal deviation of the needle hiiA been observed, and thus 
produced a projection of wliat is carllt d tlio linei« of equal variation, or isogenic 
lines. These lines afibrd a ready means of presenting at once to the eye the 
totality of the phenomenon. They are also sometimes ealled Halley *8 lines, 
although, as may be in^ierred from a pa$snge in KircbOTf he was not the first 
who C€)natrncted such charts. Kircher, in fact, states, at page 443 of hia 
Nautica Magnetira, that a Father Chr. Bnrrns had thoii«:ht lie liad discovered 
a process hy which longitude at sea might be deti riuined, and bud on account 
of it claimed a reward of 50,000 duqats fiom the King of Spain. His state- 
ment is as follows: On his voyage to India he observed, under the widely dif- 
ferent mmdians, the deviation of the magnetic needle, and eoUected also ob8e^ . 
vations mnde by others. Tlu-f^e olist rvations, the number of which was not 
inconsidei .-ible, be projected on a map, and then connected the places of equal 
variatit)n b^ lines, which he called chalyboclitic lines. He asserted conlidently 
diat, by means of these lines, he oonld accurately determine the geographic^ 
longitude of a place by merely observing its magnetic variation. The in^nffir 
ciency of this method was, however, recognized at the time. Gilbert made a 
similar propot^al for determining longitude; but, instead of apply inp; the varia- 
tion, he thon<rht to use the inclination or dip of the magnetic needle to obtain 
the object thought. 

Enler, the great geometrician, also occupied himself with the theoiy of the 
magnetism of the earth, and endeavored to show that the hypothesis of Halley 

respecting four magnetic poles was unnecessary, and to prove from mathemati- 
cal deduction that the assumption of the existence of two pole? wa? Bnfficient; 
he determined the position of them for ibe year 1757. The north pole was be- 
vond latitude 76° north, and longitude 96° west from Teneriife j the south pOle at 
btitude 68° south, and longitude 158° west. 

In recent times a large number of the most accurate and valuable observir 
tions on the declination and inclination of the magnetic needle, and on tlie force 
of terrestrial magnetism in rlifTerent parts of the earth, and especially in the 
neighborhood of the equator, have been made by Alexander vou Humboldt 
djuring his travels. It was principally from those obeervationa that the Erew^ 
l^iysicist. Blot, endeavored to give an improved dieoiy of the magnetism of tbs 
earth. He assumes in this theory that tne magnetic poles are not situated on 
the earth's surface, but in its centre, and in clof^e proximity to each other, and 
by moans of a somewhat complicated mathematical process he succeeds ia 
bringing the results of observations into apparent harmony with his theory. 

But one of the most aealous promoters of our knowleq^e of the magnetiaiii 
of the earth is Professor Christopher Hanateen, of Christiana, who, in 1817, 
published his work entitled "Investigations relative to the Magnetism of the 
Earth." An incident in the beginning of the year 1S07 gave the first impulse 
to these investigations. Examining a physicad globe constructed for the Cua- 
mographical Society of Upsala, Hansteen found, at its south pole, an clliptw 
^gnre, designated by the name of ** magnetic polar regum,** and it was fiirUier 
iaseiibed on the globe that this magnetic polar region had been delioeateti b7 
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Wilko from observations mado by Captains Cork and Fourncaux. One focus * 
of the ellipsis was designated ad the <»ti'Ouger, the other as the weaker I'egion. 
Hansteen was induced to compare these statements with the obserrations, and 
the comparison being satia&ctory, he was led to investigate more thoroughly 
the theory of Halley, which, until then, he had looked upon as a wild specula- 
tion. The result of these investiirations was that he became a convert to the 
theory of the existence of lour movable magnetic poles. 

In 1811 the Boyal Danish Socie^ of Sciences had o£fered the annual prize 
for the best answer to the question, "Whether it is necessary, in order to ex- 
plain iJie magnetic phenomena of the earth, to admit the existence of several 
magnetic axes, or whether one is sufficient At the bej^hmhiji; of the foHowing 
year Ilanstoen presented tlie ^reatept part of his work, a:^ far a,s it woa com- 
pleted, and the society crowned his labort^ with its principal prize. 

The most important part of Hansteen's work is that in iniieh he treats of 
the number, the position, and the mption of the magnetic poles* From all iib% 
observations collected by him on the variations of the magnetic needle, he con- 
cludes' that there are four points on the earth throngli whicli thr- linos of equal 
deviijtion pa<is, viz., a stronger and a weaker one in the vicinity of each 
geometric pole. Both the stronger pulps, as well as the two weaker ones, are 
situated opposite to each other, as if mey were extreme points of the same axes. 
.All four have a regular rotation, the two nordfem ones from west to easti and 
the southern ones from east to west. 

In order to elucidate the nature of the mag^netism of the earth in eac'h of its 
relations, Ilansteen also undertook to make numerous observations, and even 
made a journey to Siberia, in order to carry on his mvestigatious witliin the 
region of greatest intensity of the mu^netic phenomenon. Tma journey, besides 
directly ( uriching our knowledge of the ma^^tism of the earth with valua- 
ble resuh.^, had other consequences of great importance ; it called the attention 
of the Kussian government to this subject, and thus prepared the way for the 
labors of Alexander von Humboldt, at whose request the Emperor of Huasia, 
with great lib^ity, ordered a numbef of mafpa&tU obserFatones to be oreeted 
in his empire. Humboldt, immediately after his return from his travds in 
America, (1799, 1804,) had erected, in a garden at Berlin, an observatory, ex- 
clusively devoted to magnetism, and in which observations were made, often 
from fonr to six consecutive days, every half hour without interruption. The 
proposal of llumboldt, to erect similar observatories in other places of Germany, 
was not responded to partly on account of the political dbturbances which were 
then viBiting that country, partly because its celebrated citizen was intrusted 
with a mission from his government to France, and was thus hindered, for the 
time, in the pursuit of his favorite object. Arago commenced in 1S18, at Paris, 
an exceedingly valuable series of magnetic observations, and by comparing them 
wiUi such as were made simuiianeously at Kasan, he confirmed the assertion of 
his friend Humboldt in regard to the unportance and necessity of corresponding 
observations. 

Huio!' 1 H returned to Germany in 1827, and established in the autumn of 
1828 a continuous and regular series of observations. In consequence of his 
solicitation, the Imperial Academy of St. Petersburg and the curator of the 
UniTersity at £a8an, erected an observatory at St. Petersburg and Easnn, and 
under the protection of the chief of the mining corps, Count Oanain, magnetio 
Stetions were <-stablished from the south of Ilussia through the whole of northern 
Asia. Tho Itussian Academy sent George Fuss to Pekin, where he erected 
a magnetic observatory in the garden of the Greek convent, in which Kowauko 
miide a continued series of observations corresponding with those of all the 
other 'stations. Admiral iG^reig also erected a manietic observatory at Nico- 
ligeff, in the Orjmea ; and, at the instance of Huimioldt, a subterranean mag* 
aetic station was established under the supervision of Professor fieich, in the 
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mines at Freiberp:, in Raxony, whilst Arago, at his own expense, had a decli- 
nation compass placed iu the iuteiior of Mexico, at the height of G,000 feet above 
the level of the sea. On the snggeBtion of Admiral Labord, the iecretarj of 
the navy of France directed thi; establishment of a magnetic observatory in 
1836, at Reikiavik, in Iceland, and Humboldt aent instramenta for an obaerva- 
tory to Havana. 

In 1832 a new epoch commenced in the history of magnetic investigatious ; 
^in that year Frederic Gauss, the renowned author of the general theory of the 
'magnetism of the earth, as Humboldt ealla him, erected m the observatory of 
Gottingen a aet of instruments, constmcted npon an entirely new principle. In 

3834 thlti apparatus was transferred to a new observatory, expressly prepared 
for the purpose, and placed in charge of William Weber. After this, from 
Gottingen, as from a centre, was diii'uaed over Germany, Sweden, and Italy, 
a apirit of magnetic observation with the Improved methoos and ihe instntmentB 
of Uausa. In 1836 fonr annual terms, each of twenty-four hours, were agreed 
upon by all the observers, during which a continued series of observations were 
to be simnltaneouBly made, although the hours of these terms did not exactly 
correspond with those which Humboldt had proposed, yet they were uuanimoosly 
adopted. 

England had thus far taken no part in the general movement, although ihe 
celebrated English physicist, 8ir David Brewster, made application to the 

government for the esf i!i1i-]iment of magnetic stationB at different points of the 
British poppossions, but it was hero again, through the influence of Humboldt, 
that the desired result was obtained. He addressed a letter in April, 1836, to 
the Duke of Sussex, then president of the Eoyal Society in London, strongly 
reeommending the eatahliafiment of permanent magn^ atationa in Canada, at 
8t. Helena, the Cape of G^d Hope, on the Isle of France, Ceylon, and New 
Holland. In consequence of thin letter, a committee of the Koyal Society was 
appointed in order to examine and report upon the subject. It was proposed 
by Uiis coi^mittee, in a letter to the government, not only to establish permanent 
magnetie obeemtionB, but alao to equip ships for an expedition to the ^tareik 
ocean for the purpose of magnetic oDaervationB in that region. 

(TO BE CONTIKUED IU TUE NEXT REPOKT.) 
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DY PfiOFESSOU UAUTiEK 



Ikanflatod for t&e 8iiaithioiila& Institution from the ArchivtB du Sdaam PJ^wifw* M 

rtiU$t Geneva, l8Gsl, 



There is no port of the Tost field of ihe astronomy of observation whieh is 
not at present the object of persevering exploratiouB. I propose on this occa- 
gioii to ^ire a cursory view of thope -Nvhich relate to a wklely extended and 
highly curioua class of celestial objcets, which wa:* lir.-^t martc a subject of 
epeciul study by the distingtushed astronomers Herschci aud Messier, and 
since by Lord Ross* by FoSiers De Yioo and Seechi, and by MM. Lainont» 
Xtassell, and Bond ; a subjeefwhich presents peculiar difficulties, and respecting 
which there remains much to be cleared up. I allude to the nebul», those 
ptiimII whitish patches, of feeble light, which the telescope reveals to us in p^reat 
rmmbera in the heavens, and which powerful instrument:^ enable uf, for the 
most part, to recognize as assemblages of stai'6, situated at euormous distauces 
fiom we earth. 

In thb rapid review I shall follow, in general, the order of dates, and I shall 

commence by saying a few wordrf of a catalogue of the positioua in the heavens 
of fit ty -three nebulsB, the result of ohpervations made at the observatory of 
Palis by M. Langier, principally in 1848 and 1849, and by him presented to 
the Academy of Sciences of Paris at its sitting of December 12, 1853. This 
catalogue, published in the Ccmpte Rendu of that sitting, gives with the precision 
of seconds of a degree the right ascensions and mean declinations of the centre 
or most brilliant point of those nebulsB to January 1, 1850, as well as the 
differences bc^twcen these positions and those resulting from the catalogues of 
Herschel and Messier. It is a iir^t attempt at precise determinations of the 
position of a certain nnmber of nebQl») nnaertaken with a view of serving to 
decide, in the seqitel, the qnestion whether these bodies are really sitoated 
beyond the fixed ^tars which are visible to as. 

RESEARCHES RELATIVE TO THE rJEBTLA OF ORION. 

M. LiapounoflP, director of the observatory of Kazan, in the beginning of 1856 
Vfesented to the Academy of iSciences of Petersbur^h, through the medium of 
M. W. Strove, a memoir on the great nebnla of Orton, bemg the result of 
observations made for Ibnr years with an equatorial telescope of the power 
of that of Dorpat and a meridian circle of Bepsold.* He has applied himself 



* I know this memoir only irom a voiy succinct mention of it at the end of the number of 
flw MontUf Nbtiu$ of Astronomical Society of London for Mareh 14, 1856, vol. xv!, 
p. 139. As I shall frequently have to cite tliis compilatiou, us well as that pubhshed at 
Altona by Dr. Peten under the title of Astrommnsche NacUrichUnf I shall designate them 
mpeetiraly by tfaflirWtial ktteis, M. N. aiid A. IT. 
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to a very exact determination, by a process of triangulation, of the positions 
of all the stai^ which hip in.«trnrnent8 have enabled him to see in that nebula, 
and to a most carct'ul di liut atiou of all the parti* of that remarkable c(^lt f>tial 
object, of which more than oue chart lind been already consuucted, while 
assi^ing particiilar names to its seven! regions. M. Strove, in oompsring the 
restuts of Liapounoff with those of Sir John Herschel, Lamont, and Bond, has • 
eniressed the opinion that this nebula nnut be subject to changes of fonn and 
relative brightness iu U< <1iff('rf'nt parts. 

M. Otto Struvo has coutiiiutd, at the observatory of Poulkova, the labors of 
M. LiapounofF, and haa reported the first results of hia researches in a commu- 
nieation» of the date of May 1, 1857, presented to the . Astronomical Society hy 
H. Airy, June 12 of the same year, and published in tlie .seventeenth volnma 
of the M. N., pp. 225-2:10. | 

In this, M. Struv(! begins by degoribiug the variableness of the lustre of 
different small stars situated iu the nebula of Orion — a variableness which he i 
has verified as well by a compaikaii of his observa^ns with those of other 
astronomers as by different observations of his own.* "The existence of so 
many variable stiu«," he continues, "in so limited a space of the central part 
of the most curious nebula of the heavens must naturally lead to the supposition 
that ihene phenomena are iutiuiatdy connected with the mysterious nature of 
this body. ♦ ♦ Admitting that the rapid chauges ol" light observed in these 
small Stan, whether in the region called Muygen* or In tl|at called Subn^uhfo, 
are connected with the nature of the nebula, it might be presumed tliat cbangefl 
would be equally observed in ihc appearance of the nebula and in the distribu- 
tion of the nebulous matter. But observations of tliia kind are subject to so 
many illupions, that we ciui scarce be sufficiently reserved in the coiiehifions 
drawn from them. I cannot think that the course commonly pursued by 
astronomers in this species of researches — the comparison, namely, with one 
anothor of graphic representations made at differ«tit epochs by different 
ob.servers — ever conducts to rcf'nlts •vshich can be rer^ardcd as indubitable. 
The optic power of the tcdet^cope, the transparency of the atmotiphcre, varying 
with different stations, the peculiarities of the observer's eye, the measure of 
skiU and of experience in graphic representations of the klnd-^-sill this, iouicd 
with the inflaence of the imagination of the observer, ft>rais obstacles wnich it 
wfll always be difficult to overcome in proceeding after this manner. It might 
perhaps no possible, by following this method for centuries, to discover pro- 
gresgive chanjrca, if any exist; but those can never be thur* verifird which take 
place iu short intervals of time. Now, the rapid variations of light in the stars 
may well cause us to expect similar, and perhaps periodical, variations in the 
appearances of the nebulous matter. It is therefore to rapid changes of this 
sort that we should particularly direct our attention, and we shall be better able 
to verify their existence by compor ttive observations on the degree of li;xht and 
thi^ forms of some prominent portions of llic nebula than by repre^eutinj.,' it in 
its eulireness. It was in this way that I endeavored to proceed during last 
winter, and the impression produced upon me was a strong one that, at different 
points, considerable changes occuned within the short period of my observa- 
tioni*. I do not venture, however, to regard them as positive fact:? until they 
shall hav(^ borrt rnrrnbnrat<'d. especially by nbservera stationed in mort> favorable 
climates and provided with optical instmmentalities sufficient for the purpose." t 

*I have heie tofa r e hod ooeaalon to malE of <Ma work of Iff. O. Strava, in a Notice on the 



recently succeeded his luiher in the direction of the groat Russian oheerratory of Poulkova. 

tTtib memoir of M. O. Struve uu this subject 1m- ' en publiahed, Ibslievo, in VoL licCt 
collection entitled, Mel<^^ MatUei»ati^»e» 6t AitcoHomiqiug, 
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M. O. StniTe proceeds to mention in detail fbor parts of the nebula of Orion 

in wlncli he perceived most distinctly, in an interval of Fomn montlis, clianp^oa 
of i'nnu or of tbe degree of li^ht. The first is a hay, extcndinj^ from the straits 
oj Lt Gcntii iu the direction of the trapezium of stars situated towards the 
middle of the nebula. This bay appeared to htm at one time altogether 
( Ijscure, like the struts; at another, mil of nehnlosityi and little inferior in 
Tbrightness to the surroundinj? portions of the region of Huygtui.^. Dr. Lamont 
first delineated this bay. which liaa never been peen by Sir John Herschel. 
I'he second \^ a nihulou.s bridge, which crosses tht- great straits, with a point 
of concentrated light about midway. M. Struve saw it iu winter, sometimes aa 
represented by Hencheli sometimes sa hj Liaponnoff, with much greater con- 
centration of ught, bnt always much more extended than in tlie representations 
of these astronomers, and closely approaching the southern lunit of the great 
strait. Very faint traces of it arc indicated by M. Lamont, while Professor 
Bond did not see it at all. The third is a nebulosity surrounding star 75 of 
Herschel's catalogue« which appeared to M. Struve to be subject to great 
ebuu <,n s of brightness. Lastly , the fourth part is a sort of narrow canal* nniting 
in a right line the ohscare space situated around the stars 76» 80, and 84, of 
Her.-chel's catalog-ue, with the north side of lh«^ great strait, near the exterior 
extremity of the bridge before mentioned. The canal, which has not been 
represented by any other observer, was distinctly seeu by 31. Struve March 24, 
1857, whfle on other occasions he has not perceived the least trace of it. 

This astronomer, in closing his commnnitation* adds» that the general im- 
pression rt suiting from his ol^nrations is to the effect that the central part of 
the nebula of Orion is in a state of continual change of bri<»htneP8 af rej^ards 
many of its portions. In those cases where the images WL-re most distmct, 
their appearance did not seem entirely uniform from night to night. These 
changes in the degree of light cannot, however, be perceived, in the greater 
iinmber of cases witiiont instruments of considerable optical power; and he does 
not think that achromatic telescopes of less than ten inches opening can serve 
to verify them, except undor atmospheric conditions extraordinarily favorable. 

The twenty-second volume of the M. N. (pp. 203-207 ) contains the analysis 
of another memoir relating to the same nebula. It was communicated to the 
Astronomical Society, May 10, 1861, by Profsssor George Bond, who has suc- 
ceeded his father in the direction of uie observatory of Harvard College, at 
Cambridg-e, near Boston. The paper bears for its title. On the itpiral stmctitre 
Iff tlie great nebula of Orion. 

Prpfessor Bond the father, in a memoir published in 1848, had already 
fsmarked diat the light of this nehnla seoned^to present a radiated appearance 
on its Bontliem side, starting from the neighborhood of the trapennra <^ stars 
situated towards its middle. Pkofedsor G. Bond Uhs undertaken, since 1857, 
to form a catnlop^ne of the etarf* comprised in a pqnaro of forty minutes to the 
side, having 0 of Orion for its centre. He selected one hundred and twenty-one 
brir^ht Btars as guiding points to which to refer the smaller stars, of too feeble 
ligiit, for the most part, to remain visible vnder a strong illnminatioii of the 
Bieromebic threads. In a first sheet he has ;aranged two hundred and sixty- 
two stars, and then subdivided the same surface^ into four charts, finally reimiti d 
into a sinpi^le one. The form ;ind arrangement of the elongated luminous tufts, 
aiteruatiug with the more obscure spaces streicLiug from the neighborhood of 
the trapezium, have been determined oy two independent procedures, the nebula 
bemg first delineated as a bright obfect on a. dark ground, and then as a dark 
object on a white ground. • 

I cnnot enter here into the descriptive details given in the analysis of Prof. 
Bond's memoir, and I shall confine myself to a report of its conclusion. The 
general aspect of the greater part of the nebolsB of Orion is an assemblage of 
tnfts or enrvilinsajr pendls of Inmmons matter, emanating from bright masses 
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near the trapezinmi exteudiug towards the south, on each side of au uxid pass- 
ing hj the apex of the tegion called Hnygena, of which the angle of position 
is in the neighborhood of ISO^. Some twenty of these cireumvolutionB have 
been distinctly traced, whilst others, producing the same impression, are too 
fmnt or too complicated to be described M-ith procision. We may class, then, 
according to Prof. Bond, the nebulse of Orion among the spiral nehulee, such as 
they were, for the first time, described by Lord Rosa, with the aid of his grei0 
reflecting telescope. The neboIsB No. 61, of the catalogue of MeMier, was the 
fifBt in which he diBOovered this spiral confonnation, which had escaped both 
tho n?troTiomers Hprpchel. 

Prof. Bond has observed that, in a groat number of cases, the masses of neb- 
ulous matter are associated with stars, freuucntly under the form of small tufts 
extending from their southern side. He cites two remarkable instances where 
there is a deficit of luminous matter near stars of considerable brilliancy ; the 
first, in reference to the trapezium itself, whose obscure centre has been remarked 
by sundry observer? ; the other, to rhf» Ptar Jota of Orion. These peculiarities 
appear to Prof. Bond to be farorablc to the supposition of a physical associa- 
tion of the stars with the nebulaj. The existence of au arrangement in a spiral 
form of the parts which compose it accords with die idea of a stellar constitu* 
tion ; for among the objects which present this peculiarity of form are found 
not only«nebuln3 resolvable into star?, but masfps of stars properly eo called, 
such, for instance, as tlic grand Ttiass of stars of the constellation Hercuies* 
where the exterior stars have eyi^lently a curvilinear arrangement. 

OTBBR PACTS BBLATINO TO TBB NBBITLJB. 

H. Norman Pogson, whilst at the observatory of Dr. Lee, at Hartwell, in 

1860, witnessed a change in the nebulad, or mass of stars, No. 80 of the cata- 
logue of Messier, situated in the constellation of the Scorpion, and very close 
to a pair of variable stars R and S of the Scorpion, which have been observed 
by M. Ohacornac since 1853. The 9th of May this nebula* had its usual aspect, 
without any stellar appearance, and the 28th of the same month Mr. Pog^on 
saw therein a star of tne 7th or 8th magnitude» which has been also observed 
since the Slst of May by MM. Luther and Auwers at Kdningsberg, and which 
the latter have estimated to be of something more than the 7th magnitude. 
The 10th of June following, witli a magnifving power of 66, the stellar ap- 
pearance had nearly passed away, but the nebulce had a greater brilliancy than 
usual, with a dearly marked central condensation. H. Pogson does not think 
that this variation can be attributed to a change in the nebulso itself, but he re- 
gards as singular that a new variable star, the third comprised in the same field 
of vision, should bo found exactly situated between the earth and that nebula* 
This observation has been published in the twenty-first volume of the M. N., 
p. 32. 

If* Chacomae has observed quite recently, with M. Foneaolt'B great reflect- 
ing telescope of plated glass, so adapted as to procure a great degree of enlarge- 
ment, the annnlar nebuke of the Lyre, and he has ascertained that it is in reality 
resolvable into a mass of very euiall stars, closely crowded together^ the bright- 
est of them occupying the extremities of the small diameter. This nebulae, in 
an examination several nights, presented to liim the appearance of a huilow 
cylinder, seen in a direction nearly parallel to its axis ; and its centre, as Lwd 
Ross describes it, is veiled by a curtain of nebulous matter, which converts it- 
self into .1 Bomewhat thin stratum of little Ptar:?. M. Chacomae adds, in a com- 
mimication to Dr. PetefS on this sui)j(!ct, dated Paris, 9th June, 1862, and pub- 
Itfibed in No. i3G8 of the A. N., that when the view is screened from all inter- 
ftring light, the scintillation of this multitude of luminous points, occupying a 
large portion of the aoifiiee of the xetina* produces a sort of giddiness which 
is quite eurious. 
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I pass now to the labors of M. d'Amst, leUtiye to tte nefrals. Tbis 

astronomer had began to occtipy himself vidi this subject while he was stttl 
attached to the observatory of Leipsic, and, since 1857, has pablished in the 
collection of tlio memoirs of the Royal Society of Saxe the refnlt of his hrst 
observations ot 230 uebul«», made with a double annular niieromctcr, of Frauen- 
hofer's construction, applied to a tel^copc of 52 lines opening and C feet focal 
length. Prof. d'Anrest* is at present director of the observatory of Oopen- 
bagen» and he has oontinned, sinoe the month of September, 1861, his obserya- 
tions of thenebnla^, with a larg;o achromatic telescope, of 11 inches opening and 
16 ieet focal length, the optic power of which he estimates to be intermediate 
between that of Herschei's 20 feet reflecting telescope, and that of the telescope 
of llie same kind with which Lassell likewise has observed the nebulse from 
185S .to 1854. The telescope of Copenhagen has enabled U. d' Arrest not 
only to recognise all tlie nebms of Herschel, but to discover more than a hun- 
dred new ones among 770 observed in eifrbt itionthf . He has been enabled also, 
under favorable circumstaucea and with some diificulty* to see certain nebolo 
indicated by Lai^selL ' • 

M. d'Anest, makinff his observations alone* soon peroelyed that be oonld 
scarcely combine the observation of celestial olvjeets or very feeble light with 
the microscopic reading of the circles of his insteniment. It follows that his 
new catalogue will not at^pi^jrn, with all the precision attainable. th<» absolute 
position of each ohject on tbe celestial sphere. This position is only ^'ivcn to 
the miuulc of a degree iu right ascension and in decliuatiou ; but a.s the uebulm 
are very carefblly compared with the ndghboiing small stars by the help of 
annular and thread micrometers* we shall wns have competent means for ascer- 
taining with precision their proper movements in respect to those stars, which 
constitutes one of the principal aim3 of the researclie^ of M. d'Arrest. This 
astronomer h<i8 published, in No. 1366 of the A. N., an interesting notice, dated 
20th May, 1862, of his later labors ; and i^om this I shall extract some de- 
tails* tendmg to complete those which precede. 

VARIABILITY OF TUB BRIGHTNESS OF THR NBBUL^. 

M. d'Arrest considers as well established one of the results of the great 
labor of Argelander, in which has originated his new catalogue of stars, namely, 
that, of 50,000 stars already well recognized, there exists but a small number 
of which the brightness is periodical^ variablo; and ho believes the same 
may be affirmedi uiongb with less certain^, to be very neady the case with 
the nebnla^ . , 

Sir W. HtM-scliel had subdivided thenebnlje into three cla?f?e?, with reference 
to their relative degree of brightness. M. d'Arrest has fouud a great many 
instances in which the uebuliB, as at iirst classed by Herschel, must now be as- 
signed by one or even two tmits a new place In me ekanfication. Herschel 
himself had, in the oonrse of some yesrs, changed several of his appreciations. 
Bat in view of tlie groat diversity of atmospheric influences in humid climates* 
bearing upon observations of this kind, M. d'Arrest thinks, like i\L Otto StruVe, 
that it is impofisible to be too cirmm-'pect in regard to the conclusions to be de- 
duced from variabilities of this nature, lie instances, however, a small num- 
ber of cases in which some degree of variability has been positively ascer- 
tained. 

The first of these cases is that rcsidting from the observations of ^1. 0. Struve 
on the nebula of Orion before spoken of. . The observations of this nebula 
recently made, at different times and in favorable nights, by M. d'Arrebt, with 
his hii-^c telescope, have confirmed those of M. Struve, partictdarly as regards 
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the bridge over the great atrait, which, last -winter, was Bometimes distinctly 
visible at Copenhagen, presenting the appearance assigned it by 31. Lar-tiell. 

The pccond case of well-established variability is the iilmost total disappear- 
ance of a tiiiiull and faint nebulaj discovered by M. Hind, October 11, 1852, in 
the consteUatiou Taurus, recognized by other astronomei^, and ui the begin- 
ning of 1656 still readily perceptible with a teleeeope oi fdz feet feeal lengtb. 
Two years later it was no longer to be seen, except with great difficulty, in the 
Leliomotor <<f tlic observatory of Konip^sbcrfj. It was invisible October 3, 1861, 
with tli(^ great trlescope of Oopenhag(ai. M. Chacornac, with the new telescope 
of M. Foucault, and M. Lassell, at Malta, with hia reflecting telescope of four 
feet diameter, sought for it in vain in 1862» though it was attU to be seen with 
die great achromatic telescope of Poolkova. 

A curious circumstance, connected with the gnat diminution of the bright-^ 
nesi? fif this nebula, )fi that this diminution has coincided with that of a small 
star which presented itself almost in contact witi) llie nebula. M. Argclander 
estimated the magnitude of this star, in 1852, at 9.4. It was of not more than 
the tenth magnitude in 1858, of the eloTentb in 1861, and of the thirteenth or 
fourteenth in 1862. 

Sir John Herschel believed that he had recently detected nnotlier instance 
of the disappearance of a nebula from not havinp; found inscribed in the first 
catalogue of M. d'Arrest a very liiint nebula, noticed by Sir W. Hertichcl, near 
two others in the constellation of Berenice's hair. But M. Chacornac has ascer- 
tained, with the new telesoope of M. Foncanlt, that this feeble aebnla is still 
^ainly yisihle, and If. d' Arrest has also observed it with his great tdeacope. 
Xhe latter a?trnnomcr furtlier cites a small nnmlx^r of canei* where there may 
have been variability of brigbtneet?, or even disappearance of nebulae; but these 
instances are not as well established as that of the nebula of M. llind. 

8ir John Herschel baa remarked in bis important memoir on the nehals* 

published in the PhihtopJUeal TVanaaetkms for 1833, p. 502, tfiat tbe number 
of nebubr pbysicallr connected with one .mother is probably more considerable, 
relatively to tbc total number of tbe nebula?, than is that of double stars among 
the fixed stars.* Admitting a mutual dibtance of five minutes of a degree to 
be the greatest for the double nebulae, M. d'Arrest even now eniunerates about 
fifl^ eom^urdiended within this limit, and is of opinion that there may be two 
or three hundred of tbem among the whole nomoer of some 8,000 nebulae dis- 
cernible in our heavens, t So considerable a proportion of double nebulai justi- 
fies the pre?nmption that there is a real connexion in these groups, and their 
aspect coniirras this idea, particularly in the case where unusual forms present 
themselves at once in two equal exemplifications. Bir W. Herschel seems not 
to have bad an idea of this physical oonnezion between the nebnlss, bat Sir 
John distinctly speaks of it on more than one occasion. It can scarcely be 
doubted that at t^ome future period astronomers will be galled on to ealoolate tbe 
orbits of tbe double nebulre. 

M. d'Arrest mentions somu particular cases of this sort of nebulm, of whidl 
one is triple. There is as yet bat one recognised, wlieie* on comparing the 
distances and respective positions of the two nebulie of the same group observed 
in 1785, 1827, and 1862, considerable changes have been noticed, which seem 
to indicate a movement of i^volation of the one axoand the other. This double 



* A short analysis of this admiroble paper of Sir J. Herscliel, accompanied with a plate, is 
^ven in tbo issues of the BMiothequt UntverselU for June and July, 1834* 

tM. d'Arrest hns quite vooontly publisliH. Xo. of the A. N., a catalo^o, for the 
oommenceuiuut ot Iboi, of tbo positions and aspect of titty double nebuke which he has 
alivady noogniasd, and of whidi a doaen aro n«(W QOBs. 
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and particularly interesting nebula is situated at 109° 12' of right ascension, 
and 29^ 45' of north declination. M. fjaspel h.^^^ represented it in Fip^. 9 of 
Plate XE, aceoinpauyiug liis iu'iii)ir. publi-ihi d in vol. xxiti of the (|n;irto 
collection of the Asti'ouomical Saciuty of Laiitlou. The two compoueutd of th©* 
nebula are very distinct, though their matnal distance is at present bnt 2^ 
seconds ; but they are difficult to be seen when the threads of the micrometer 
are illuminated. A very small star is found between the two, exactly in the 
same place wlierc M. Lusselll observed ii ten years ago. M. d' Arrest will tak« 
occasiou, when his labors on this subject arc completed, to cite some other 
analogous cases of change of relative position in double uebulse. His pre- 
sumption, in the mean time> from what he haa been able thus tax to discern, is, 
that there will not be found in any of these groups of nebnlse as short perioda 
of revolnf iou as those which liave been vedfied in the case of some of tha 

double statr^. 

Finally, M. d'AiTest reports a small number of cases where, by comparing a 
nebida with some small star near it» and repeating this comparison at the end 
of a certain time, he has been able to Terify slight differences of distance or of 
position* which might indicate a proper moTement in one or the other of those 

bodies. 

I Iiere terminate this short review, in which I have been ;ible to g^ive but a 
rapid glance at the present state of observation iu respect to oue of the most 
difficatt and least advanoed parts of astronomical science.* 

Post scriptum. — ^M. d'Arrest has just announced, in No. 1378 of the A. N., 
&at he haa recognised in the constellation Tanms the ezistenoe of a second 
nebula of ▼ariable brightness. 



* I OQght here to eorreet an error, pointed out to me by Dr. Hirsrlk which I eonmittedi o 

my notice on the observatory of Nenfcliatel, msprted in the nnmlier or the Arrhirr.s for last 
July, volume xiv, p. 224. It is not M. Uirscii, but Professor Kopp, of NeuTchatel, who 
forma part of the meteorological commiision institnted bj the HslTvtic Society ct Hatoml 



• 20 8 



Digitized by Google 



fIGURE OF THE EARTH. 



BY SK. MIGUBL MKBIMO. 

« 



Anuario dd Real OkmvtOorio d» MMif mmrto tSiOf 1889L 



« nuiMLAno lOR TBS tmrmmoMM uniTunw n e. m. uxumowk. 



In an axtide iiiBerted in onr Animal fn 1862, under the eame title with the 

prcpont. wo proposed, aB onr nearly exclufive ol)ject, to present, in an elementary 
mamu r, the result of the investigations heretofore made to determine tlic form 
and volume of the earth, apart from historical notices, numerical (letailis, and, 
in a word, wIiateTer might emharnufl the course of the reasoning, or distrftct 
the attention of onr readers. Thns conceived and compiled, that first article 
was for the most part dry, as regards results, and incomplete uuder various as- 
poctf. Dry, infisinnrh as the mind takes less pleasure in the Ihial solution of 
a problem than in ihu survey of the moans f\nfi corapntatioiis employed to over- 
come, one after another, the diHicuIlieb which hvaat it; and iucomplete, because 
without Bombers there is in the physical sciences no precise solution, ench as 
shall leave th( unud tranquil and satisfied. To supply our intentional omission 
is the de?ig:n of the present pn^es, in which, assuming the substance of our for- 
mer article to be known, we shall consider, successively, and under the new 
point of view just indicated, the three following points : 

First. In wnat manner the human understanding, acted upon by the immediate 
testimony of the senses, acquired, after a long uncertainty, a clear idea of the 
roundness and rotation of the earth. 

Second. 15y what nie;ins thjit first Idea, foinuled on a somewhat superficial ex- 
amination, became couiirmed, and, at tlie same time, modified in some of the de- 
tails by the actual and direct measurement of our globe. 

Third* The present state of the question, briefly summed up in certain 'no- 
mexical tables. 

T. 

In considerinfi; the progress of astronomy wo muat distinguish two epochs of 
quite different character — one very remote, and only known to us by vague and 
con^sed tradition, which has often undergone a strained interpretation; the 
other nearer to onr own times, whose history has been conaigned to unequivocal 
and imperishable monuments. In the opinion of cerUiin authors possessed of 
erudition and talent, and doubtlops sincere in their belief, but led astray possibly 
by the exc(i83 of their imagination, the ancient people of central Asia, the 
Chinese, Indians, Assyrians, and Chaldeans, as well as the Egyptians, enjoyed 
a civilization sitperior to the modem, cultivated the sciences, and possessed, 
particularly, a knowledge of celeetial phenomena, to which our present astrono- 
mers cannot yet pretend. In the possible case that this were so, although the 
min i instinct ivf'ly n^vohs from believins^ it; that astronomy fIoin*ished at ;i ]H 'i'id 
ol which liistory preserves no distinct traces, and that all which we know to- 
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day respecting the fonn of the earth and its relations with the other bodies of ova 

system was known many ages before that in which we live ; granting* moreover, 
that in x\ovr of tho constant and gi*eat vicissitudes to which the world is sub- 
ject, "whcrn the events of to-day fo readily and radically efiace the most mo- 
mentous memories of yesterday, we are left without any positive grounds for 
roundly denying the above assertions, yet what imports it to ns whether the 
prhnitive people of Asia were more enlightened than those of niodem Europe, 
if there remain only incomplete traces of their knowledge — if their science has 
di?aj>|H';!r*'d or been transmitted only when the modern had secured new I'oua- 
datious, aidsuredly not less solid than the ancient 1 If we concede at once that 
those people had ascertained the roundness of the earth, whether from the ex- • 
perience acquired in their emigrations and tiieir warlike and commercial expe- 
ditions, or else from a species of intuition; that from the demonstrated fact they 
ascended to tho producing caupc, and that, not content' with n knowledpre of the 
form, they had sought and HuccccdtHl in determining^ the dinienHion^^ of the globe, 
what advantage have the moderns derived i'wm. all this { In what respect have 
these problematical antecedents served to enlighten ns with reference to the 
questions with which we are engaged Y This is to ns the point of interest, and 
it is this which we should first of ail endeavor to make plain. 

Tn hi3 heroic poems ITonier brings together all the copmop^raphic and geo- 
graphic ideas of liis age and of the peoplo to whom he Ixdonged — a peo[de fitted, 
beyond all then known, for the cultivation of the sciences, distinguirfhed by 
their lively and penetrating imagination, and inhabitinga country in all respects 
the mor^t favorably situated for observation. And yet Homer, minute and exact 
as he is in the description of the scene on which his heroes moved, supposes the 
earth to be a plane, and bounded in all directions by the water? of tlm ocean; 
places in the middle of it Greece, and pai tieularly the Thesaalian Oly mpuB j estab- 
lishes, on the mysterious limits of the horizon, pillows Avhich serve as a support 
for the skies ; pictures Tartarus, the abode of the enemies of the gods, at a great 
depth beneath the surface; and beyond the dim confines of earth imagines M<»w, 
or immensity, a confused mixtnrc of life and vacuity, an ahyFS wliere exist, . 
witbont order, all the elements of Tartanis rnrtb, and heaven. Here we have 
the point of departure for our existing kuowiedge respecting the form of the 
earth and the constitution of the celestial vault ; and is there here anything 
which reveals the profound research, whetiier certain or probianatieal, of the 
pristine races 1 TTuve wc here, indeed, anything more than the primitive ideas, 
which the fpectacle of nature wakens in the breast of everyone moderately en- 
dowed with an inquiring spirit, dressed in the colors of a glowing imagination, 
bnt betraying the incapacity to discover the truth through the mists which eu- 
velbpe itf 

The voyages of the Phenicians, though conducted with less timidity than 
those of the cotemporary Greeks, yet with a prudence and caution indicative 
of no transmitted knowledge, opon the door to wider investigation, to juster 
ideas of the figure of the earth, and lead, by a more certain, at least more ex- 
peditious path, to the discovery of the truth. Till this epoch history presents 
to us each people shut up within the narrow limits which nature had marked 
for it, here separated from the rest by mountain chains, there by tempestuous 
seas. The dwellers of Tyre and Sidon are the firnt to venture habitually on 
distant royagoi? in. search of now lands, of foreign productions, of the objects of 
luxury aud afiluence, which were wanting at home. They visit, one by one, 
all the islands of the Mediterranean, coast along the north of Africa, founding 
colonies Wherever suitable; and, without recoiling before the dreaded straits of 
Gades, launch into the ocean and establish the principal seats of their com- 
morco on the pmiling phore? of Betica. And while advancing on the west to 
points nf'vcr before reached, this commercial people unite the fleet- r^f their 
King iiuom with those of Solomon to explore the coasts of the Bed aud ui the 
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Eijihrean or Indian sbbb; while still latert as soma hiatoiiaiiB maintain, tlieir 

boldni .-"s re aches such a point tliat they uavigatc the abom of AMea by the 
cast, double, the Cape of Good Hope, afterwards long forgotten, and rrp^ain their 
country at the end of three jearu by the beiore-meutioiwd straits of Uadee, or 
Gibraltar.* 

The Carthaginians, possessing the same enterprising and mercantile genina 
with Uieir ancestors of JPhenk}ia» and benefiting by the experienoe of the latter, 
prqjected still more important, if not more daring, expeditions. Hanno, with a 

niimrrntis fleet, tmcoH the wcstrrn const of Ai'i iea and alt.iins the mouth of the 
river .Sr-ncu^ai, while llimilco. t^ailinj; in the opposite direction, stops not short 
of England, where he loads his vessels witli the coveted metal stored in that 
r^ton. 

Similar expeditions, made with eF^r^inereasing frequency and boldness, snch 

as the voyage of Colcsas of Samos, which ext<*nded to the entrance of the At- 
lantic, and 80 strongly excited the curiosity of the Greek?, and the much later 
one of Pytheasf of ^Farseillcs, who advanced as far as the Feroe island?, and 
even entered the Baltic, although they might be undertaken solely with the 
Tiews of adventnre or cupidit} , conld not bat be eondneive to the progress of 
astronomy and its kindred sciences, as well in regard to the prdiminaries th^ 
required, as the observations and notices collected in these protracted wandcr- 
m^fi. However closely attracted to tin land by necessity or int« rest, can we 
suppose that these early navi^tora aid not often lift their eyes to contemplate 
the celestial vault, induced as well by the requirements of safety as by the 
enioflitj inherent in man of sedng and learning something now 7 In thia 
way the old impressions Uiat the earth was plane and undefined, that the stan* 
quenched in the sea, were again kindled at their risinr;, and others of the same 
kind, would necessarily prive way, not alone in the coneeptiuus of the thoughtfnl, 
but in the opinion of the vulgar, and be replaced by idcaa more creditable to 
human sagacity, and conformable to the troth and simplioit j of nature. To thia 
result wooJd condnoe, indirectly hut still effeetnaUy, toe travpls nndertaken by 
land, whether towards the north in search of amber, fhrs and materials of con- 
Btraction, towards the cast for ivory and ^piee?, or towards the we?<t fornvt^ls. 
The wars among nations would also promote this result, as nceessarilv ten ing 
to a mixture of races, and a compaiiijou of conflicting ideas. Among luliucucea 
of this hind we may especially distinguish the expedition of Alexander, at 
once enlarging beyond example the limits of the known world, and bringing 
into propitious coincidence a vast materidi and a most favorable conjuncture of 
circumstances for new and fruitful meditation ; the conquests of the Komans, 
extend into one almost all the nations of the known world, and attracting 
to the common centre whatever that world contained which could minister to 
an mbomided love of ostentation and Inzury ; the Gk>thic irruption, eovenng 
the world with ruins £rom which the germs of kmowledge might spring with m 
new and more vigorons life; and the sabeeqnent appeaianee of the Saracens, 



* Thu vojage of circiimnavigation, of which Herodotus soeaks as having been undertaken 
•bent the begiuning of tbe •izut oentwy befero onr em, and al the init&ioe and diradko of 

Noi os, Kiug nf DjiA iit, has always met with wnnn nssertere and opixif^ners. To us the or- 
guDVinta of the latter seem to have the moat weight, though amoiWBt the former appears the 
feftrned and judiciom Cesar Gantn. In eo ditpntable a matter, aoobilem, the leader need 
not lesiprn liiuiself blindly to tbo opinion of auy one; but, for oar present pur})0«c, it is suf- 
ficient to knuw, that if such a vojrage was really perlbrmed, it led to no results worthy, from 
fb^CQvioeity or importance, to M trMumitted t» modem times. As regards otbor amifant 
\a\nrrvi> around Africa, there aie itiU stfooger leaiomi for diacnditing them than that at- 
tributed to the Pheniciauti. 

t The reality of the voyage of Pytheas, to the west and north of Europe, is generally ad- 
mittiid, but the descriptions given by him of the lands and seas be visited are rej^arJed aa 
exaggerated, as they are certainly in niai\y points obscure, even when we concede theu 
fauMstkm in flwt. 
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endowed with a special culture and heirs of the ancient civilization of tbe East, 
upon tlie theatre where modem eiTiUiatkm WMimdergoing its definite devdop- 
ment Thk series of momentons events, we lepeat* in proportion as it conveyed 

to each people the traditious and impressions of tlic rest, as it bfonght into 
contact, Ix'uoatli another climate and nky, under natural cotiditionf ospontially 
difl'ereut from tliosc in which tlicy had before lived, the natives of regions nio.>*t 
widely remote from one another, could not but promi)t liuman reotiou to discard 
the trivial ideas which it had cherished and insensibly adopt others more in 
harmony with the truth of nature. And this, be it observed, without the inter- 
vention of ancient science, lost or at least forgotten amidst the convulsions 
which had swept away its cultivators, and sohdy by an immediate effect of the 
events which, at the epoch of regeneration referred to, constantly modihed the 
state of societies. 

The incursions of the northern h<Mrdes having at last ceased, the nreeent 
oationalitieB began to take shape ; and if the systematic cultivation of the sci- 
ences was not yet to be expected, at least a delight in their study be^ran to 
dawn. Nor did eventual circumstances, and such as might have ajipeared ex- 
traneous, cease to stimulate the taste for voyages and discoveric::. As the 
occupation of the soudi and west of Europe by their warliico predecessors 
opposed an insuperable barrier to the progress, in that direction, of the Scandi- 
navians or Normans who brought up the rear of the Asiatic migration, these 
established themselves perinancntly on the shores of the Baltic, and from thence, 
impelled by their mviui; an<l li;irdy genius, ex|)l<)re<l the nm tln rn islands and 
coutineuts, the archipeiagocs of .Shetland and Feroe, Iceland, and, iu the tenth 
and two succeeding centuries, the inhospitable coasts of Greenland, and those* 
somewhat more fertile, of Vineland, the present Labrador. * Meanwhile there 
arises in Asia a formidable empire, whose limits expand with jvatonishing rapidity 
from the seas of India to the frontiers of Europe, giving rise to the dread of a 
new invasion of destructive races ; yet its service as a coniitorpoise to the Sara- 
cenic power, not less formidable on another side, is appreciated, and pontiffs 
and kings send embassies, sometimes to propitiate the redoubtable snoeessoni 
of Genghis-Khan, sometimes to solicit help fiom Tartar and Mogul princes, at 
times simply iu sign of admiration and respect. At their return from these 
distant scenes, obsci-vcrs like Ascelin, Carpini, IvubriHiuis, I'olo, Sotomayor, 
and Clavijo, whether sent as ambassadors or led thither by inclination, com- 
municate their impressions and adventores without reserve, and awaken in all 



* The following is a recapitulation of tbo later discoverios referred to in the text. They 
may bo found more particularly described in tbe eU(hteeoth book of Kalte Bran's Geograpl^, 
and in tho notes to the fourteenth book of Cesar (^ta*8 ITniverBd History. 

Aliuiit tho middle of tho uiiith ct ntury Iceland was discovered, and bctoif the endof tho 
century a numerous colony of northmeu was established in that island. In dd8, among 
* otiwr cotooists, one ealled Brie the Bed, hariiig been bantehod fimn leeHuid, takes refhge in 
Greenland. Biuiii, bou of Eriulph, one of the conipuiudns of Eric, desirous of* joiuiug hia 
father, freighted a ship and dixecteu his course towards Urceuland, but wandering lor some time 
in those seas, got a siprht of new coasts other than diat wbieh he was seeking^. In the sama 
ship with Bidru, Leif Ericson, son of Eric the Hed, set sail from dreonland in th(> year lOOO, 
ana visited in snccesaion a sterile, rocky and snow -covered coaat, (Heiluiaud;) another 
lereil, hoar with frost and well wooded, (Markland;) and a third, wUoh abounded in yines, 
(Vineland.) Thorwald and Thorstoin, brothers of Leif, prosecuted, with no sucoe.ssful result, 
the exploration of these lauds, aa did others of the same race, ^nd though commerce and 
eommnniostion between Iceland, Greenlaad and the parts last mentioned continued for a 
considerable length of time, they underwent many aUeruat ions, and proved of no real im- 
portance to geography. .Tndpring from the descriptions given, as well of the lands as of the 
celestial phenomeua whi' !i wi le observed, Markland seems to correspond to Nova Scotia, 
and Vineland to the region aluKit ('ap(> Cod, as far south a.H latitude 41'-^. If the documents 
published by the Society of Northern Ariti<iuarie.s may be relied on — and it is not our province 
to controvert them — Columbus made no true discovery ; bat bow the Icelandic adventurers 
canio to stop midway, and allowed tho intrepid Genoese to snatch from tin ni the domain 
of a world, is a phenomenon dilHcult to explain, and, in our opiuiou, more di^jcrcdi table than 
oHiflnrise to those in whose honor it is dteo. ^ 
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minds more competmt ecnceptioni of the iarm and sise of tlio earth, and of the 
divanity of dimates, than could otherwise have been attained. Thua, by means 
the most indirect, the limits of the world were extended, many obecore spaces 
of the earth hronn:ht to light, and the minds of men prepaxed for greater and 

more decisive discoveries. 

We have now arrived at the first half of the iifteenth century. Portugal is 
a proHperons kingdom, without near enemies to eombat, and possessed of a 
vitality wliich refuses to confine itself within ^the territorial frontier; it claims 
a wider field, and ruti iprises more worthy of the national spirit. With this 
spirit the p:* op^raphicul posifion of I*ortii?al at one of tho r xtn-mitios nf the an- 
cient world, in front of that world which now awaits discovt ly, concurs to make 
it the point of departure for the great maritime expeditions of the age. ltd 
princes, too, second opportunely the impulse, as well hy their patronage of 
science and its cultivators as by a steady foith and interest in all enterprises 
calculated to enhance the n?ime and importance of their countrv. Under the 
protection of I'liiiec Hi'iii v, the T'ortnguese iiaviLratDis explnfe and take poa- 
sesaiou of the arciiipela^oea of Azores, Madeira, and Oapc Verde, and double 
Cape Bojador, ao long the terminns of the AiHean coast, thus penetrating into 
tlie vast Gulf of Guinea. Still later, in 1486, Bartholomew Diaz reaches the 
eoathernmost extrenuty of Africa, to which he gives the name of the Cape ^ 
Storms, a name poon chanj^ed hy Kniu: .loini 11 into the more propitious one 
of Good Uc/x' ; and, finally, Vasco dc .Gauia, pas<i?in;;, in 1497, beyond tliis for- 
midable promontory, and turning his prow in an opposite direction to that of 
the supposed Phenician navigators of a remote age, noints out to his adventa> 
roua cotemporaries the marit.me route to India and China, immense regions 
till then only known through vague and inexact tradition. 

It Heemed irapossibh^ that the ardor of the Portns^ueise for distant and haz- 
ardous expluratioii could be surpassed by any oilier country, and that still more 
important .-successes were ii reserve for a different people. And yet thhi seeming 
impossibility ^ras realized in a manner the most simple and natural, and with 
means the most limited imajrinable. The genius and perseverance of an obscure 
and ill-understood mariner lia\ iiii^ met, though after long struggles, with sup- 
port and countenance in tlie f'liih and enthusia^'iTi of a queen, Of)lnmhns was 
enabled to launch his three trail caravels, manned by a liaudlul ol iSpauiard:i, 
upon the broad Atlantic; there, leaving the Portuguese to contend with the 
dangers of the African coasts, and disregarding the cireuitouB and unprofitable 
tmek pursued by the Scandinavian adventurers, he directed the course of hia 
vessels fir>>t Honth. and tlien conf--tantly west, until lie readied the archipelago 
of the Antillrs, tin ^atc nt a m w world resplendent with beauty, which seemed 
at that moment to ascend from the bosom of the seas. 

Among the multitude of daring navigators who followed Columbus !n the 
work of western exploration we may distinguish Magallanes, a Portuguese in 
the service of »Spain, for the importance of the results attending his enterprise. 
After thr- (li-icoveries of Columhns and De 0am a. it .-till remained to be ascer- 
tained what separated, and at how wide an interval, the two continent?' to which 
they had led the way. There existed, as Balboa had descried, in 1513, from 
the Isthmus of Darien, a vast sea, but of its extent no conception had been 
formed, and yet Magallanes, not more enlightened on this point than previous 
explorers, proposed to traverse it. He sailed from Sjjain in September, 1519, 
passed the n« xt year throucrh the ditfieult strait.-^ which bear his name, and per- 
ished in the rhilippine islands, after having overcome the chief diUiculty of his 
undertaking. His second in command, Elcauo, a Biscayan by birth, and not 
less resolute than the chief he had lost, still continued his course westwardly, 
and finally regained his country in a direction opposite to that by which he had 
departed. The sphericity of the earth, already recognized by rrfli'ctinir uiiials, 
and gradually revealed by the discoveries which have been here bricily re- 
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tracedy vas now fi>r the first time practically shown ; to the rode mariner, as to 

the astronomer, the limitation of our globe in all (lin crioTis, and its isolation in 
space, were from this flatc evident ; and to the abstract bnt little diffused 
mi^thods ot' geometry was now added a new means for forming an idea of the 
dimeuaions of the cju th. Elcauo, in effect, though encountered by many unex- 
pected obstacles, had performed, in Kttle more than three years and three 
months, a complete Toja^ of circumnavigation. 

From the memorable epoch referred to, geographical discovt ilea have puc- 
ccedcd one another with peatcr rMjHfliry than ever, ihc earth has been explored 
in all directions, the widtli of the seas calculated, and the surface of the couti- 
uouts measured j hut all these labors, however vast theur importance, have been 
those of detail, and have added no new idea to the results of the bold naviga- 
tion perform^ in the fifteenth and beginning of the sixteenth centuries, a» rc- 
sports th(' jronprnl forni and approximate (Hmeniaion?" of the plnnet we iiihablt. 
Tu ilwav labL dates mu^t be referred, it' not the iir^^t clear conception, the detinitive 
verification of the nearly spherical figure of the earth. 

liooking back, however, it must be conceded that neither the voyages of 
Ooltimbus nor Magallanes were absolutely necessary for the demonstration of 
the spherical figure of the earth, since this fact might have been deduced with 
sufBcient clearness from geographic il prhieiple?< a!re;idy verified ; from the de- 
lusion indulged by every natiou that its own territory wu^* central, a.s regarded 
the rest of the earth ; from the general and changeable aspect of the heavens 
upon every change of conntry; from the apparent -sphericity of the snn, and 
especially that of the moon, still more coaspicuous through the succession of its 
phases, and from the circular ontline of the earth's sliadow during the eclipses 
of the lunar planer. But ail tin se indie irions of the limitation and roundness 
of the earth, however conclusive for reiiecting and studious minds, would have 
carried no conviction to the generality of mankind, without the incontestable 
suppoii; of those other proofe which might be called material or tangible. With 
what ob.-itacles did Columbus meet before finding himself intrusted with three 
fr.iil vessels — how much incredulity in all countries, even to the extent of being 
charged with madne-'p — and for what? Columbus snid : "The Portuguese 
seek the gold and spices of India by steering towards the east; and I, who 
cherish the persuasion that the earth is round, propose to trace a more ezpe^ 
ditious route by reaching the same point in an opposite direction." Had there 
been many who at that rime held the doctrine of the earth's sphericity, no one 
would have treated 8o loirical and o1)vious a (honglit as 9Xtravagant ; nor would 
Colnmbub have been iadebled tb the noble instinct of a woman for the Buccess- 
ful issue of his enterprise if modern society had inherited from the ancient that 
vast store of science attributed to the latter, instead of having to rear from the 
very foundation the edifice of its own knowledge. 

What has been just said in rojrard to the form of our globe may, with even 
more propriety, be nsserted of its movement of rotation. Wc shall admit, 
without discussion, that among the Indians, the Chinese, th.e Chaldeans, there 
might possibly be a few who recognized and maintained the reality of this 
movement; that the.sanie might be true of ancient Egypt, and that certain 
Greek philosophers, especially of the school of Pythagoras, also taught at a 
later period the same truth. To explain tlie alternation of day and night two 
hypotheses were fea.'^iblp, and there was nothing to forbid men of special talent 
adopting the more .rational one; but was the merit of Copernicus, therefore, less 
in having reproduced the right idea about the middle of the sixteenth century f 
How many years must still elapse, how many angry and deplorable disctusions 
ensue before the ideas of Copernicus became firmly established (?ven among 
men of Hcionce and pyptematic cultivatinn. On the other liand, did the Grei k 
philosophers, who admitted the rotation of the eartli, build tlu ir rloctriiu' on the 
difiiculty of reconciling in any other mamicr the phenomena of the heavens, or 
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was it maintained rather in the spirit of the school, by wl i 1i siune spirit they 
might have been induced to support the direct contrary]* It is certain that 
nipp.irchus, Ptolemy, Euclid, and ArcliiinedeH, emiueut miuds and founders 
of true astronomy, of geometry, and of meclianicB, more versed certainiy in 
observation and calcolation than ia the subtleties of metaphysics, denied the 
noTement of the earth, and for many ages strengthened the opposite belief 
with their imposing authority. Hence this belief was the prevailing one when 
Copernicns appeared in the world to overthrow it, at the epoch of great geo- 
graphical diacoverieiJ, as if the Creator had designed that after the form and 
distinct features of our planet were unveiled, its relations of analogy with the 
lest of the nniverae shoiild also be dlselosed. 

Coperaicas was not only a consummate methcmatician, a sldUiil observer, 
capable of deducing great results wiih rude and inefficient instruments, but he 
was likewise, as we are assured by hia biographer, Czynski, a man of profound 
piety, full of faith in the wisdom of the Creator, and penetrated with the sim- 
plicity of hits works. With these elements of character the astronomer of 
Thorn stodied the movements of the celestial bodies, pereeiTed their inextriea 
ble complication upon the principles then received, the infinity of oecnlt agen- 
cies and of forces distinct in direction and intensity, which munt coiiriir in the 
operation to carry all the heavenly bodies around the earth without varying 
their relative distauces, or altering in the minutest particular the harmony of 
the creation, and instead of confining himself to saying, with the sage King of 
Oastile, **it is strange that this should he so," vesoliitely pronounces, *«this 
cannot be so." 



• To show tliiit \ro exaggerate nothing in ihtjs pxprfssiuo^ ourselves, we shall here retrace, 
with all possiMi' biovity, tne different opioions of the Greek pUiio^opheiH uu the form of the 
earth una its situation in space, making lue for that purpose of (he work by G. JLewiB, ttltl^ 
tied. An Historical Survey of the Astronomy of the Ancients. 

Thales of Miletus, who flourished between 63U and u4ti years before our era, likeucd thu earth 
to a bark fioatiug in a limitless ocean. 

According to Anaximander, likewise of Miletus, and diac^le of ThateSt the earth was ey]&i> 
drical, and occupied the centre of the created universe. 

Anaxiiiu'iies, u disciple of the former, assigned to the sun the form of a thin disk, and lo 
the earth that oi' a trapesium eostaincd in the air, and the same opinion was entertained by 
Anazsgoras of Glasomene, likewise a ^>tjilu^opher of the Ionic school. 

Xc'n«)|)hane3 of Colophon, fouiuL i ot the Eleatic school, supposed the ( urlb to be illimita- 
ble and supported in toe abyss on iounovable foundations. Farmenides and Emped<MdeB| 
dissent i II from this opinion of Xenophanes, pronounced, perhaps before any oue, the doctnos 
of the sphLTicity of the oiu tli ami of its isolation in space. 

The cosmictii opiniuna of the Fjthajgoreans, as statea by PhiTolaus, a disciple of the great 
natter, were these: in the centre of the nniyem there ensts a mass of fire, the wmd of 0» 
VDorld, around wh'uh n^volvo in ii cinlf! ftii lio'lies iu the following order: first and most dis- 
tant, the heavens with the tixcd stars ; next the five plaucts ; then the 6un, the moon^ the 
eurtb, and finally the AiaitMhm^ a mysterious conception, which, indulgeutly interpreted, 
would st'Oin to signify.the terrr?trial hotiii^phoro opposite to that inhahitcil by ourselves. The 
basis of this system, ouo uf the mus( judicious bequeathed us by antiquity, vvii8 puiely men* 
tal, or the offspring of an invention governed by mystical abstreotionB and vague axtoms vb- 
ip^ctiDo; the virtues of numbers. To support it, iustead of haviuLT reconrso fo tne observation 
of natural phenomena, it was assumed, for iustuuce, as a princi])le, tbut tire, bciug of a more 
exalted or worthy nature than earth, must by right occnpy the place of greatest dig^nity, and 
that in any series of diflFerent bodies thnt pLu-e unist conesponJ either wiiirihe ceniKi or the 
extremes. From tiiis rea-soning the reader may lomi uu estimate of the systeui ul i'hiiolaus, 
asystem, however, which not all tL.? Pyth,i|;<neaus recHiyedwithoutrtetrietiouand modi6cft> 
tion, for while some, ns llicetas, Heraclide-i aud ] '-[»iphantu8, attributed to the earth a move- 
ment of rotation from west to cast, others, and among them pcriiaps Pythagoras himself, 
whose original idcM have not been tcantaiUed to as, fliougfat tiie earth immovable in the 
midst of the universe. 

Leucippus and Democriiua, both of the Atomic sect, maintainod, towards the middle of 
the fifth century, like the Ionic phihMophecs, that the earth was a plane cUsk immovable in 
•j^ace and supported bv the air. 

It wsa in the early half of the fourth century before Christ that astronomy, based on the 
observatUuLof the oelfistial phwM»wwis> beffaa to flooxish among theOneka. At that tins 
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The great tratb konoimeed by Oopemietis, the hesis of ezutiiig astronomy, 

encouutered at the time moro opponents than partisans ; nor woe it possible that* 
in defect of good instruments and dnlicMte ob.^ervations, he could corroltoratc 
by incoutestible facts the tiuiprijjiug levclat inns of Lis intellect ; lie could but 
consign to after iige^s the confirmation of his theory, lu vaiu did Tj cho lirahe» 
eontrary to what might have been expected from hia profonnd kiMwlcdge of 
oeleatial phenomena, impugn hi the name of science, and that so late as the 
close of the sixteenth century, the astronomical system of Coix rnicus; in vaiu, 
at the coimnencement of the seventeenth, was it Foug;ht, in th»: name of moro 
sacred but ill understood interests, to convert into a stumbliug block the public 
belief in the movemeiit of the earth: the truth wrought its own way, and from 
Galileo onward, for every adversary there were himdredB who snstained it. 
At present there is no longer any diacussion about it; ho who controverts it 
is reg:.'u J( d as irrational, and meets in imivetaal indifference the reproof of hia 
stolid incredulity. ' 

11. 

If the knowledge, whether certain or preramptive, of the ancient philoso- 
|diera and mathoinaticians respecting the roundness and rotation of the earth, 

cannot be considered as the origin or basis of the ideas at present received on 
both thoBc point's, Init nif^rely as a remote antecedent cnmplctcly forgotten at the 
revival of llic discui?i?ioii in modern limes, the same thing nearly may be predi- 
cated of the researches undertaken to find the value of the radius of the cai th'a 
drcnmference. The analogy, it is true, is not entirely exact, for in these latter 
reaeaiches two things are to be distinguished : the method or principle on which 
they are founded, and the resnlts fnially obtained. The first as devised, two or 
three centuries betoreour era, by Ji^ralosthencs and Posidonius, both of the school 
of Alexandria, is the same with that employed in our own time, as is shown in • 
onr AimutU for 1862 ;i the results of the method, whether from the imperfec- 



Hved EndpxnB ofGnidus, a disciplo of Plato, tisuullj rosident at Cizycum at the Qntranoe of 
the Euxine, and one of the most distiuguisheii auuug thu learned of his time iu the tield, 
both of theory aud practico. To explain the appearances of the heavens, on the hypothesis 
of tho repose of the earih, Eudoxns conceived the first idea of crysUiUino spheres with axes 
in different directions, and also with difFejreut moTements. New facts having been discovered, 
Calippus, a disciple of Eudoxns, in place of 36, admitted 33 spberra, a number which Aris- 
totle found it necessary to raise to ;')'>. These gijliirus, supposod at pleasure and symbolical 
of as many insoluble difficulties in the cosmicul system lollowed by tbeae savants, became 
established principles in the minds of tho pliilosophers who had imi^'ned fhom, as well as 
in those of iliolr disciples, and consoqiicntly obtaiisi.'d iiMqiiestioiind runTiu-y in tlie world. 

Aristotle, taking up anew uid analyaiag the ideas of bis predecessors, and r^ectiug almost 
all of them, a proof of their foadamental impraoticabilify, admitted, howerer: Ist. That ihe 
orirtli is sjilicriral, because such is tho apparent fonn oful! tlie nnnanionfal bodit s ; such also 
tho form which a body, as a drop of water for iufijtaucc, assumes when left to tho free gravi- 
tation of its pardcles; and raeh the form of the eartli'a shadow in eeHpses of the moon* 
2d. That thfMltmrnpionpi of the rarth cannot be rxfrndrfl in an indcfinitt; jilano, seeing that 
with every change of place there is a change ul^u iu tho aspect aud number of the visible 
stars; and 3dly, That it cannot be morablo in space, since its bypothetfcal mobility meete 
with no reflection in fbo constnut position of other bodies of fli(! uiiivorsf. The systi m of 
Aristotle, based on the ob^ervaiion.s aud conjectures of Eudoxns and his disc iples, was that 
adopted by Endid, Archimedes, Hipparchus and Ptolemy. 

A generRtiini nf i.i Encl'd, who entitled one of his thcorrms "The earth tho rcntrc of tho 
universe," aud u hilti tlio opinions of Aristotle and his followers were in the highest favor, 
there wan a fonni lahii pi ott sL against them advanced by Aristarcbus of Samos, whofloorished 
in the r aro* r h df of tl.o third century before our era, and who was one of tho most distin- 
guished iumiuuriesi ut his age. Arislarchus o^cplodftd all tho spheres of Eudoxus and Arls* 
toite, set ihe earth again at liberty, assigned to ihc sun and stars their true position, and laid, 
in a word, the basis of the Copernicfin system; l)tit in op]iositi(in to Arist urhus appeared 
Archimedes, on behalf of science, aud Cluuuiliod, cLdef of the .stidc sect, in dciimcc of the 
liuth and i-eligious prepossessions of the age, and tho happy conception of the safe of Samos 
remained sunk in oblivion, or passed into the category of dreams, until, in the process of tinii^ 
it revived with new vitality and brighter evidence in the mind uf the roduso of Thorn. 
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tion of instramentB, the WBut of preciaion on Uae part of obaervers, or from 

Imviug reached us in obscure expressiona or in units vaguely understood, have 
been of no service to modern geometer:?. Five of these final results are cited 
by Bailly in his History of Ancient Astronomy, and these, doublless, are not all 
that might have been cited ; it is sulficieut to compare them with one anolber, 
to percoiye how little guarantee of exactness either of them affords a priori, or 
without subsequent corroboration. According to Aristotle, the opinions reoelved 
in his time^assigned 400,000 stadia as tlu; circumference of the earth; Ptolemy 
adopted 180,000; Eratosthenes and I'osidonins respectively 2.00, QUI) and 
240,000; (Jleomedes 300,000. The learned historian above mentioned explains 
these eaonnona^screpancies, which oonld not have resulted from the ignorance 
or dullness of the observe^ in'a sufficiently natniiil manner, by assigning a 
different value in each case to the stadium; assnming, as the state of knowl- 
edge iit his time rej^pecting ancient moasnrcs seemed to indicate, four kinds of 
stadia, approxiuiately of 100, I'oii, 170 and 2.'J0, metres each, he arrives at the 
souclusiou that these results; so discordant in appearance, are la the main iden- 
tical, and not remote from those obtained by modern investigation. But Bailly 
himsdf, one of the most enthusiastic defenders of ancient science, agrees widi 
us in thinking that the geodesic labors of the astronomers but little anterior to 
his own epoch, as well as those of his co temporaries, were conducted h\ complftt^ 
independence of llie inveffig'ations of remote ages and without rclerenco to a 
coincidence of numbeis. Leaving to himself, therefore, the responsibility of hia 
ideas, whieh we shall neither attempt to defend nor contravene, and judgiug 
this to be no occasion for reporting the earnest arguments adduced by highly 
respectable authors both for and against his views, let us concede, not to anti- 
quity in general, but to a part of its philosophere, a knowledge, however loosely 
approximate, of the dimensions of the earth ; and with this concession, let U3 
pass to an exposition of the geodesic labors of times nearer our own and of 
more authentic character, though not all marked by an undoubted stamp of 
exactness.* 

Towards the year 830 of nnr era, the Arabian ai^tronomen? measured, by 
Older of the wise Oaliph Almamou, an are of the meridian in the plain of fcjind- 
giar, near the coasts of ihc Hod Scaj but the result of this operation made but 
little approach to the truth, or was either confusedly expressed at first or has 
been corrupted in the transmission. 

In the year 1 100, as Martin de Navarette relates in his compendious History 
of the Spanish Marine, our learned countrymnn Antonio deNebrija, determined 
by various mea??urements and observations the quantity of a terrestrial degree, 
and obtained a number more near the truiU than those before deduced. Subse- 
quently, Glareans, in Switzerland, and Oroncio Fineo, in France, nndwtook and 
accomplished a labor analogous to that of Nebrija ; and the same thing, with 
even better success, was effected by the French physician Fernel, who founded 
his estimate on the number of revolutions marie by the wheel of a carrinjre 
in its transit from i*aris to Amiens, cities situated under neai'ly the same me- 
ridian.t 

In 1617, the Butch astronomer Sehnell revived the method of Eratosthenes, 
and applied it, with better means and more accuracy than had yet been observed. 



*Thc reader who may desire to know the slig^ht or deSeient foundations on which rest the 
coiijecfuies of the authors who maintain the profound astronomical science of the aucieuts 
may coiiiuU the tieutisc of Sr. Vasqaez Qneipo, entitled, Essay on the Metric and Monetarg 
Systems of Ancient Nation^, tome 1, pp. 65, 66, and note 10, corresponding thereto. 

t Upon the points here treated of, ami etlu r iinulotrons ones not less desorvinir („ be known, 
the reader will find critical notices of great valuu iu the discourse relative to the progress of 
gi odi-.N , read by Sr. Saavedr» Meneses, at the begbmlng of tlie present jear, on h& reoep- 
Uou into tho Academy of Scienoeo. 
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to the meuwemeiit of the are of 1* 11' 30^' comprised between Alkmaar and 

Ber^en-op-Zoom ; but the result of his undertaking, calculated and dtBCussed 
by MuBcheiuliriH-k, did not see the light until a later period, when others had 
been obtJiiiitHl of the f'amf* kind with his/her prot-(»Ti^inns to crrtainty. 

In like uiauuer with kScluieil, Norwood deicrmiiKd, in IGJJ, the difference of 
latitude between York and London, e^ual to 2" 26', by the difference of the al- 
titude of the Bun b itween their respective horisons at the period of the sol- 
stices-; and afterwards measating the distance between tbo»e cities, he arrived at a 
valuation, too great however, of the lengtTi of a degree of the meridian; making 
it 57,442 toises, or about 111,955 metres. 

For its novelty, if nothing else, there should be meutioued in connexion 
with the preceding attempts the method proposed by Maurolico, at that epoch 
of measnrements, to determine the terrestrial radius. Assnming the nnqnestion* 
able fact that the extensitm or breadth of land which, seen from the sea-shore* 
or in the interior of a nearly level country, dopcnrls at once en the Im'ji^ht at 
which the spectator is st itioiied, aii'l on the ciirvaturt; or radius of the earth, 
Maurolico thought that by measuring the height of a mouutitin near the sea 
and the lonte tuaced widiont change of direction by a bark nntO it di8a})peat8 
below the horiaon, the value of the radius sought might be deduced, without 
reference to any astronomical observation. Thia process, put in practice at a 
later ju-riod, with some variafinns, and only by way of trial, has led to a result 
grratt-r tliau tuij^ht have been expected, hoinjj; complicated with some cau,~e.-^ of 
error and uuceilaiaty ; we do not know that the oolution of the problem was 
ever attinnpted in the lifetime of its author. 

Anodier idea, inffenious like all pn^ec « ding firom the same source, occurred to 
Kepler, and lliccioli undertook to realize it, although in practice, from the im- 
perfection of inj^tnimenta among other considerations, it could not but lead to 
a result very distant from the true one. The idea consists in measuring upon 
any given sur^Mse of ground the greatest lineal distance possible, and then cal- 
culating the angles of the two respective rerticals with the common line of 
vision oomprieed between the extremes of the base. It requires bnt a slight 
notion of jjeomctry to compreluaid how delicate waf the operation wliieh llic- 
cioli took ch iri::e of, and llow little reliance coald l>e placed on redolts deduced 
from such a process.* 

These difierent esthnatoo fo r they merit no other name^towards ascertaining 
the magnitude of the earth, were but the prelude to other more exact processesr 
and show the necessity that was felt, but 200 years ago, of obtaining a pre- 
cise knowledge of the dimensions of our planet, as well as the oblivion into 
which the labors of antiquity had fallen or tlie f^inall importance attached to 
them. In proof of this, let us remember that at the end of the iii'teenth century and 
beginning of the next, Columbus sbapel his course towards the unknown shores 
of India and 31agallanes traced his adventurous progress across the Pacific, 
upon the delusive supposition that the e;llU» was of much less size than it really 
is ; and that, in the midst of the sevenrwnth cenitury, Newton himself, in 
whom the highest genius was not at variance with extensive erudition and a 
sound judgment, found himself under the necessity of suspending his researches 
respecdng the reciprocallj attractive action of tlie earth and the moon» in con* 
sequence of tht; want of an approxim itc valuation for the radius of our globe. 
So pressing; did the necessity referred to appear, that when the Aeadeniy of 
Sciences of Pari.< was instituted, in 1666, one of its first acts was to commit to 
Plcard, a distinguished member of that learned assembly, the mea^iuremeat of 
a new are of tlie meridian ; a work which this astronomer completed before the 
end of 1670, by the method adopted by Eratosthenes and Posidonius, as well 
as by Schuell and Norwood, bat which was executed with so much accuracy 
in the details as to form an epoch in the annals of astronomy and geodesy. 
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Between Villejaif <iii(l JavisU Pieard measured a base of 5.663 toiees, and 

by means of five triangles, resting on that line, deduced a distance from Mareil 
to Malvoisin equal, in the units just citod, to 32S97. This line, mucU greater 
than the first, served him now for a biuje to connect Malvoisin with Sour- 
don» near Amiens, by a chaia of triangles in the direction of the meridian. 
The arc eomprised lletween the two last joints was 1** 11' 57", and the dia- 
taaee deditcea Irom the triangul&tion and projected on the meridian waa 68.430 
toises ; whence there ro«nlt< il for the value of a terrestrial clc«^rcc the number 
570G4. Still later, Picurd cxtt lulod the opeiMtions to Amiens, and the decree 
then stood reduced to 57.017 toises; or, taking a middle term, to o7.0()0; 
* leault which, aaaommg the sphericity of the glohe, implied as die length of 
the earth's radios 3;S60,3OO units of the above name.'*' 

Al^ngh in this nemorable operation, on which we have dwelt somewhat, 
as beinp; the first among tho?e really worthy of confidence, Picard di.^played 
great talent and activity, tlu3 result obtained was closidy ajjproximate to the 
truth only through a siugular combination of errors ; since, as appciued in the 
ae^nel* there was a very considerahle one in the valne of the first baaei nor 
was that which existed in the quantity of the arc insignific^uit ; two ctrcani* 
stances which, as they affected the result in opposite directions, were neutral- 
ized as re^rded the operation itself, but wore afterwards the source of much 
extraneous confusion and of long and waim discussions : a sad proof that im- 
perfection, under some disguise or other, lurks iu all the works of man ; and 
that, without doing injustice to the memory or m^ts of the learned, we should 
never blindly surrender our belief to their authority. 

The rotation of the earth Leinj^ by this time a fact received without contra- 
diction in the scientitic world, of ueeeBsity soon drew with it its natural conse- 
quences : thus, the ideas of the less weight of bodies at the equator than in 
tne neighborhood of the poles from the eroet of the oentriihgal force opposed 
to graTitation, and of the eompnasion of the globe ia the direelion of- the axis 
of movement, had begun to take root in all reflecting and unprejudiced minds, 
when an observation, in some degree unexpected, ^^avc confirmation to this 
view of the qui'Stion. The academician lliclier, having becai sent to Guiana, 
in 167;^, fur scientific purposes of different kinds, returned to his country the 
following year, and among other results of his expedition presented to tlie 
Aicademy an observation whicb. though incidentally made, proved to he the most 
important of all : the astronomical pcndulom which, at Paris, gave an oscilla- 
tion of one second, was found to move more slowly in Grntana. to the extent 
of making in a day 88 Ofjcillation.s fewer than at the former point. This indi- 
cated an energy of gravitation at the equator inferior to that in high northern 
latitudes, the existence of the centrifugal iforoe due to the rotary morement of 



* The tofse spoken of is that of France, .contamin^ G.39459 feet, which dates from the time 

of Cliriilciiia'j^riL', uiul is su'ul to Imvo tniT^OAKfed with tlie Ara1)s. Vuv nidtiy CLtiti!rii«3 tho 
•taudard of this unit of mcasuro was little known, and from time to timo uoderwent modi^* 
eations, the results of ignonmde or caralessiieM more (hui of fnmd, ontil in 16^ a new ons 
was prepared and deposited in a secure i^lace, in order to servo as a type lor all of its kind ; 
it was to this standard that Picard and the geometers who succeeded him referred their eeo- 
deeio operations. A nentmy afterwards the iron role wUdi was adopted for the standara of 
measurement of trig'ouometrical bases iu Vrvn, also a toiso in length, but bctttT constructed 
thtm tho toise of Picard tj time and in a better state of preservation than tho latter, was, at 
the suggestion of Condamiue, declared to be the le^l nnit, at a temperature of IdP Beaonnir, 
or TO- centi<jrade, that lir:v;Ti<»' been its meclium li'inpiTaturt: diniu<r the opt'vafioii;! near 
the equator. The 8ub&ef|uent labors of Delambro ami Mi chaiu served to tix the luugth of 
the now lineal unit, or, in other words, «tf the metre, >v)iich, at the temperature of U"^ is, iu 
lines, 440,296, thus establishing between the metre aud the toise the ratio of 1 to 1.94903031. 
This iu<$t number has been employed as factor in the remainder of this article, while it has 
heen thought proper to oo&Tert the antiant imita into the modern, or more Qsnaiof tbaded* 
mal metiie syitem. 



Digitized by Google 



SIGUBK Olf THE SABTH. 



317 



lihe eaxtllr and the great probability of tbo cllipticity of the globe. But as the 
ideas of attraction and of c*!ntral and contrifugnl forces had not as yet become 
familiarized, and as the phonomt iion discovered by llicher might jiroceed from 
au unknown cause, the Academy suepeudcd il6 judgment upon the conscqueuees 
dedaeible from that pheaomenon, until new and repeated observationB should 
confirm or disprove them. The confirmation was not long deferred, for Hallej, 
repeating foui' years after in St. Hclonca thn snrae exporiment.s wliieh Ridirr 
had made, obtainod an identical result, and the fact has subsequently been real- 
ized in all the regions of tho earth as well as upon the high seas. 

We may take this occasion ta remark that in the study of nature there are 
problems whose solntion, afler reeiating for ages all the forees of ni«n» seems at 
some determinate epoch to become practicable in a hundred different ways ; such 
a problrm, undoubtedly, was that which now occnpies n?. In the* .^ixtornth 
century (Jopernicus, Galileo, and whosoever thought as they did respecting the 
movement of the eaxth, were regarded with scorn or aversion ; in the middle 
of the seventeenth, the xoundness and roitatfon of the globe are aiamitted wititooC 
difficultv ; in 1670 Pioaid determines by a satisfiustory process the value of 
the earth's radius ; two years later, the observations of Bicher show tiiat the 
form of the globe differs sensibly from tho fphpncal ; about the^amo time, Cas- 
sini, by means of the telescope, jjciceivcri and measures the remarkable oblate- 
ncss of Jupiter, thus supplying from analogy a weighty reason for admitting 
without other proof that of the earth ; while Huygh^ and Newton, preeeding 
and directing, as it were, the mi thoda of observation, deduce the same result 
by process of reasoning, establish the extreme limits within wLich its nnmcri- 
cal cxprcs.^ion must bo comprised, and ascend to the cause from which it pro- 
ceeds. Honorable epoch for the human intellect in which such capital discov- 
eries rapidly succeed one another ! With tho songs of triumph, however, soon 
mingle the notes of discord, and for solne j^ears the problem of the figure of 
tbe earth remains stationary and proves to be beset with unexpected difficul- 
tly. 

' The Academy of Paris, stimulated by the prompt and apparently satisfac- 
tory termination of tho measurement of tho terrojitrial degree by Picaid, con- 
ceived the idea of prolonging the operations instituted by that savant from one 
extremity of France to the other, or, more precisely, from Amiens to Perpig- 
nan ; a bold ^terprise for that epoch, which the intelligent flctivity of Domin- 
ico Oaf<f?!ni realized in the latter part of the centnrv. But when C i^-ini, the 
operations and calculations beinf^ concluded, compared with one anotiier the 
values of the 7^ of the meridian measured, he obse/ved with surprise that their 
length continually diminished from sonth to notik, as if tiie curvature of the 
earth increased towards the poles, or its radius diminislied ; or, in other terms, 
as if the compression of the globe corresponded to the equatorial region, contrary 
to all that was then conjectured or deduced from theory ; a consequence which 
the same astronomer still arrived at after having prolonged the French meridian 
north from Amiens to Dunkirk, at the end of the year 1713. A coniiiet thus 
became unavoidable and imminent On the one hand, the authority of Newton 
interposed itself; on the other, that, scarcely less weighty, of the French geom- 
• eters, as well as the national pride of the latter ; and as between the extremes 
in discussion there could be no possible compromise, the scientific world was 
divided into two parties; all that had been done or deduced to determine the 
true figure of the earth was brought before the tribunal of opinion, from the 
prineime of the universal attraction of matter to the ability of the observers who 
had omciated in the measurement of tho are of the meridian. After much time 
had been lost in barren and heated discussions, the French Academy of Sciences, 
at tlie suirgestiou of Mauportuis and Botigner, two of the most distinp'uished 
savants ot tiioif age, adopted the only feasible plan for setting tho question 
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finally at rest. "Witli tliia view, two delegations, composed chiefly of meml)er8 
of thp Ac?\demy, and provided with the most delicate insstruments for observing 
then known, were despatched, one towards tho equator, the otiier to a high 
nortl^Ta ladtnde, for the purpose of measuring one or more degrees of the 
meridian, from the comparison of which mcasuremeats, if effected with accataey, 
might readily be deduced the dii^ction of the terrestrial compceasion and its 
value, or thr amount of divergence from a splierical form. 

Manix rrui- himself, apsii^ted by Clairfiut, Lc Monnier, Camus, Outbier, and 
the Swedish astronomer Celtjiub, uudcrLook the second of the operations re- 
fenred to, proceeding to Lapland in 1736, as fitf as the 76** of latitude ; and 
although it might hate seemed that the rigors of the climate woald prcscr^ oh- 
stacles little less than insuporahle, h*' had the good fortune to terminnto Ihh un- 
dertaking in scarcely more than two months. The trian<:^nlation extended from 
the mountain of Kittia at the north to the church of Tornea at the south ; the 
base, of 7.407. toises, was measured upon the frozen river bearing the latter name, 
under conditions of exactness scarcely to he attained in any other cUmate ; the 
quantity of the are measured was 57' 29'^ and the resulting value of the de- 
grce of the morirlian cqnal to 57.4^8 toi^e-^, or 378 more than the flcprof^ of 
Picard, would be naturally the case ou the supposition of the earthi'a being 
flattened towards the poles. 

The other <9ommU»ion destined fvf the equator, and composed of Godin, La 
Condamine and Bouguer, had sailed a year earlier, or in 1735, and hy order of 
the Spanish - v mment was joined at Quito by D. Jorge Juan and D.Anto- 
nio (lc Ullna, l)o{h worthy, from their zeal and intelligence, to co-np"rato with 
the French delegation. To recite the hardships to which thefe dirJtiugui.-hed 
men were subjected during the eight years occupied in their pi-escri bed task, 
the disappointments which they encotatered, the d^eiendee to he remedied, 
the precautions to betaken, and the sagacity and skill of which they made proof, 
would be beside our present purpose. Suffice it to say, that their measurement 
of the are in Peru, notwithstanding the recent prop^rcss of practical astronomy, 
is still considered as a masterly operation in its kirul. 

The degree of Peru, of 56.753 toises, compared with that which Picard had 
measured in the north of Fnnce, pointed substantially to the same result withtiiat 
already obtained by the collation of this last with the degree of Lapland ; that 
is to say, to the polar compref^sion of the teiTestrial glolx;. To what, then, was 
it attributable that from the examination of the different dep^recs of the French 
meridian there resulted a diametrically opposite consequence to the above? 
From the fact before hinted at, that the first base measured by Picard labored 
under a considerable error, compensated, indeed, as regarded the final result by 
.other errors of quite a distinct kind which were committed in the course of tlie 
operations, and which by a rare concurrence of eircum^tance? operated in an 
opposite direction to the preceding. Without distrusting its exactness, CaBsini 
also took that first line for the base of a triangulation much more extensive and 
important than that of Picard, and hence arose those incidental anomalies 
which inyolved the learned in so much confusion, until the illustrious Lb Gi^ls 
divined from what source that incomprehensible difficulty emanated. The ha?c 
in qneftion havinj^ been rectified by snceefjative admeasurements in 1710-1754. 
and the calculations corrected, the capital discrepancy, which till that date 
had interfered with the various geodesic results, disappeared. 

In stating that the contradiction disappeared, we would only he understood 
to say that, after the epoch just referred to, there was a unanimous concur> 
rencc in the fact of the defective sphericity of the earth and the flattening of . 

jmles ; a? rej2;ards the definite %'alae of this, and the geometric figure to 
which oiu' globe most nearly approaches, neither did such unanimity then, nor. 
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to our regret, does it still prevail ; perhaps, indeed, the conditionft of the piob- 

1cm forbid that it should ever do so. 

From the values of the degree measured in Lapland and of the mean degree 
of France, there was deduced, as the expression of the terrestrial oblateness the 
fraction ; which meanB that, repreaenting the equatoiial radius by a length 
of 132 units of any kind, the polar radius would be Idl of tlic same. A com- 
parison of the (l»'i,'rt,'o of Peru willi tlu; French gave for the v.ilue (»r tins ine- 
quality the number ; that of the extreme degrees of Ptru and Lapland 
^hs* while, according to >iew ton, theory assigned to thia (quantity the value 
«ijr. Thns it was that, in a point so delicate and interesting, it still seemed 
dmcalt to know upon what to rely, notwithstanding the diligence and solicitude 
applied to the solution of the question in all its bearings. 

It might have seemed that hero were contradictions enonjjli ; but in propor- 
tion as other valucrf uf a dc^rct' of ihe meridian wcif (Ictcrmincd, as by Bosco- 
vich between llouio and itiuiiiu in 1754, by Beccaria in Piedmont in 1762, by 
Ideaganig in Hungary and Austria in 1768, by Mason and Dixon in America, 
about the same period, and by La Gaille near the Cape of Good Hope, new ir- 
regularities or anomalies were constantly encountered, incomprehengible upon 
any one principle, or inexjilicnble by the adoption of any regular and unique 
typfN however complicated, as ilic liu'iiru of the earth. The confusion <;i-l'W to 
such an extent that every one felt impelled to investigate its origin ; and while 
some ascribed it to the physical conditions of the globe, admitting no assimilation 
of its form to any geometrical type, others imputed it to a d< {• c t of the instni* 
ments, others to the occa-Inual oscitancy of the observers, and other? again to 
errors of calculation. There was a little of all these. The ealculationf^ were 
revitied and considerable errors detected, in the degree of Lapland among 
others j the observations were discussed, and were found not to be worthy of 
unrestricted oonfidence ; the condition of the instruments was examined and 
• was not found to be unimpeachable; in fine, since Bouguer first suspected it 
in his expedition \o Peru until now, there have been encountered, in the local 
attractions of mouutains and in the diUV i ence of thickness and of material in the 
cruat of the earth, numerous causes oi' perturbation iu the direction of the vcr- 
tieal-^that is to say, of the first line or reference ; which causes must necess^* 
Illy exert an injurious inflaence on the final results of the observations. To 
whatever attributable, the fact remains, that till near the end of the last cen- 
tury the rincertainty rr*^pecting tlie vahie of the terrestrial flattening was com- 
plete. When we .<hall Ijave tinished the recital of geodesic operations conducted 
subsequently to thonc already mentioned, we shall see whether or not the same 
doubt exists at this advanced stage of tiie present century. 

The idea of estjiblishing a system of weights and measures whose fondaraen* 
tal unit, instead of being arbitrary, should present a f^imple relation to some im- 
portant clement of the same t:ind derived from the physical world, induced the 
republican government of Prance to order in 1792 a new measurement of the 
terrestrial globe. The operations instituted by Picard and continued by the 
Cassinis, Maraldi and La Gaille, on account of the imperfection of the instru- 
m^ nts employed and the errors and doubts involved, were deemed insufficient 
for the pnrpo-'e ; and Delambre and Mechain assumed the colossal task of re- 
newing them t'runi the bee^inning and completing them according to various cri- 
terions. l>eiambre exhibited his science and talent in the measurement of the 
French meridian from Dunldrk to Perpignan, and Mechain in the prolongation 
of this line through Catalonia to the coasts of Valencia. The labors of these 
two celebrated geometers having been concluded in 1790, the value of the 
earth's polar compression was, with the concurrf>nce of an assemblatre of 
savants of different countries, computed at -j^-y, and upon tliis compulation the 
length of the mel/ e, the base of the new system of weights and meaiiires, was 
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taken as the ten miltiontli port of one quarter of the meridian just measured.* 
In ISO.) '^^^M•h lrn passed anew into HpuQ with the intention of prolonging the 
arc of the meridian to tin! B ilcaric i^^Lmds ; but being placed in detention in 
the fortress of Moatjuich, in cousetjueucc of the ill understanding then subaiat- 
tng between his own goTemment «nd ours, lie took the occasion to rectii^ his 
fonner calculations and obs^ations, and from the mortification which he ez> 
pcrienced at observing certain diRcrepancies, fell into a state of 1 ' ction, and 
after having bf*fn prcvionsly set at liberty, died at Cn^tpllon d*^ la J'lana in the 
year ISO-t. Dnring the two t'ollowing years, Blot and Arago, astfist<Ml by the 
Spaniards Chaix and liodriguez, not less worthy of parlicipatiug iu this work 
than Don Jorge Jnan and Ulloa in that of Pern, carried the operation to the 
ist^nc contemplate 1 1 y the tOO BCmpnlous Mechain. 

The British triangulation was initiated in 1784 under the direction of General 
Roy, with the twofold object of perfecting the geographical chart of the United 
Kingdom, and at the same time prolonging towards the north the measurement 
of a terrestrial meridian. After being suBpeuded in 1788, these labors were 
leeumed in 1793 under the Bupenrision of W. Mndge, who extended the geodesic 
system to the extreme coniiues of Scotland*, and deduced, as the value of the 
rMTth'? cnmpres^iion. the fraction being identical with that obtained in 

i'rance; yet the Spaniard Kodriixnez :^()on after demonstrated that in the conrae 
of the British operations frequent and, to a certain extent, inexplicable anoma- 
lies were distinguishable. 

After the preceding measurements the following are the principal ones in the 
order of their dates : 

That of the arc of Lapland in 1801, andertalLen with a view of verifying 
and extending the work of Manpertins. 

That etfecied in India, iu 1SU2, 1803, by Colonel Lambton, from which there 
resulted at first a flattening of -^^^ which Rodrigue2» in repeating the ealcidar 
tions, reduced to ^^ ,y Tin, same Lambton inaugurated another vast operation 
which, continued by Captain Everest, embraced an actual arc of more than Sl^ 
from Cape Comorin to Kaliana, north of Delhi. 

That of Piedmont, 1821 to 1823, conducted by the Italian astronomers 
Carliui and Plana. ^ 

That of the meridian of Dorpat, begun in 1817 and 18S1 hv Tenner and W. 
Struve, and which up to this time prolonged north and south from the ficosen 
coast of Norway to the mouths of the Danube, comprises an arc of more 
Uian 25^. 

Those of Hanover and Denmark, accomplished by Gauss and Schumacher, 
it the game date with the Piedmontese triangulation. 

The Prussian, corresponding to the mer^ian of KOningsberg, which, under 
lihe superintendence of Bessel and B&yer, exhibits a model in labors of th& 

natnro, find which it will be diflfimlt for any fntnro ones to excel. 

Besides these important triangnlations, still another deserves notice, which 
Was effected by Maclear in the extreme south of Africa, with the object of 



* The calculations required to fix the length of the metro wore executed by Swinden on tba 
part of Holland, Trallea of Switzerland. Laplace and I>efrpn(lre of Fmncp, iind Ciscar of 
Spain. Delambre showed, not long afterwards, that, as wtll in the •reli ction and analjsi> 
«r the elements of the calculation as in tlie calculation itself, not all tlio circuimpeetiondesir- 
al)le Imd been obsen'rd ; a judcmont whicli atialiigoua works. oflfH-tinl in tlio coiirpo of the 
pifsrnt century, hare fully connrnied. The ditibrenc-c between the Icg-al and the iluon-iic 
metic — a difference which will never be pcribctly known — is, however, very small, and « bates 
but little or not ;it all the merit of the dociniiil meiric system, whi<'h possesses, in other 
respects, the must uu questionable advantugi a over other systems now iu use. Still U if 
well to know that between the metre and the quarter of the meridian there do«a not exist <ke 
simple relatkm wliieh was at first supposed, that nuit baTiog been ledooed to a eouTCOtionil 
type, as is also the case with all others of its kind. 

Onthiaeotgectniaybecwis n lted tho IWtfe^rff JM rf ee r e g f^ 
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jlffriflHpg whether the curvature of the two terrestrial hemispherOB should be 

rpg-arded as identical or distinct. At the end of tlio la!«t century, as has been, 
before mtimatetl, La Oaille had tran:^ ported himself from France to the Cape of 
Crood Hope, in the design of co-operating in the »olutiuu of various astronomical 
piobleiiui which in that lemote comitrj eeemed to call. for an intelligent ob- 
Bes^er, and having thece ezeeutod the measuremont of a small arc of the meridian, 
he obtamed for ue iff^g^ilarity of the globe a much smaller value than any of 
the analoj!^ons ones deduced in Enrope and America. Tlovr wap th'w anomalous 
result to be explained? In one of two manners: (ntlu^r by attributing % to a 
real defect of symmetry in the form of the earth, or to au error, not eaaily to 
be avoided, in the operationB of La Oaille ; bnt as the first was contradictory 
of the rec^ved theory and opposed to many facts well ascertained by other 
observers, and as the second was scarcely admissible in view of the recognized / 
talent, industry and conscientiousness of the rreuch savant, no one knew which 
alternative to adopt. Everest, on his return from India, inspected the locality 
where La CaiUe had operated, and at sight of the mountains which surround 
it cooeloded that the ustingnished astronomer might easily have deceived him* 
self, or neglected ceiiain precautions without which no geodesic labor can really 
alTorJ n sufiicieiit guaxantee of certainty. Maclear, with due regard to the 
indicatioua of iiverest, undertook in ISlil au operation analogous to that pre- 
viously executed by La Caille, though on a larger scale and with better material 
tesonxees ; and the result now confiimed Ihe previsions of the. theory, or the 
idfintity of form of both terreBtrial Ikemispheres. 

Nor has it been only in a direction from north to south that astronomers Qnd 
geometers have essayed to estimate the dimensions of the earth. When a eom- 
parisou of the first results obtained in the j)roceed?ngs directed to that object 
had revealed, not only the defective sphericity of our globe, but the irregulari- 
, ties or accidentB which intempt its presumed elliptioity, whethw &om one pole 
' to the. opposite, or even in passing.fiom one meridian to another not far distant, 
the attempt was also made to measure one or more arcs of parallel. That by 
this means, as by the former, and still better by a combination of both, a know- 
ledge of the form and volume of the earth might be obtained, 16 readily con- 
ceived ; and when it is considered that this new operation is even more delicate 
and troablesome than the other, Uie reader will scarcely wonder that till a qnite 
recent epoch the number of arcs of parallel measured bore no proportion to the 
arcs of meridian. Tlic Franco-Spanish commission, charged with measuring an 
arc of the latter sort in Peru, proposed also to determine the value 01 a degree 
of parallel, which in (hose regions would have been a d^ee of the e^n^r, 
but a difference of views as to the execution, added to the dtliciilties of the 
enterprise, led to a relinquishment of the project before it had begun to be 
carried into effect. At the same epoch, 1734 to 1740, the Cassinis, Maraldi 
and La ( Sille measured in France two arcs of parnlb l. one in the latitude of 
Paris, the other across Provence; and still later Lami)ion undertook in India a 
work of the same kind ; but theBe lirbt etjaaya led to no dehaitc result, and 
■erved only to show at once the utility of the undertaking and the difficidtles 
which its adequate accomplishment would present. The measurement of a 
great arc of parallel, stretching from the neighborhood of Bordeaux to Padua, 
or from the ocean to the Adriatic, over an extent of 13^ and at a latitude of 
45° 43', was commenced in 1811 under the direction of Colonel Brusseau, and 
continued in 1820 across upper Italy by Carlini, Plana and other astronomers 
and geometers of Italy, France and Switserland. Besides this operation, which 
forms an epoch in the annals of geodesy, there must also be mentioned the 
mcasnrement of another arc upon the parallel of P i ' is, from Brest to Strasburg, 
executed between 1818 and 182/?, by the French functionaries! Bonne and 
Henry ; another completed from Greenwich to Valeutia in the west of Ireland, 
by Professor Airy ; and a third commenced in 1857 by W. Strave, in 629 of 
1^1 8 
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htitodflt deffigned to eonneet irith tlie last, and thvfl embnoe an axe of aibont 
70® total length, from one extremity of Europe to the other. 

It would be iinpnssiblf, without ovfr^tf^pjiii^.c^ the limits which rli-cr'^tinn prf- 
Bcribes, to carry liirther this cniimeratiou of geodesic lahors already accom- 
plished, or in course of. execution, or projected for early realization. The earth 
would be seen to be corned with an nnmense net-woik of triangles, wboae 
meaiieB interlace more and moi*e every day, so as to leave to truth thus earnestly 
ioogbt leas and less elkaiiee of finally evading detection. In this work of so 
many ages, where, more perhaps than in any other, man has displayed the 
talent and irresistible energy with which he is endowed, Spain is to-day taking 
au active and honorable part. The summits of our mouutaius, alLiiougU coo- 
atantiy viaited by distinsaiahed military ftmetionaries, resound not now with 
the echoea nor are aeen <3ot]ied with the smoke of battle. They serve not n 
watch-towers of war, but as stations ifor geodesic signals, true symbols of pease 

and of culture. 

Bnt, as is opportunely asked, in order to dispel the doubt, by one of the most 
estimable intellects of our country,* To what end do bo many measurements 
of the globe oonducet Whatpracticid result is expected from such laboriou 
imd perseyering attempts ? Of results to be appreciated by the material and 
tangible interests involved, perhaps none ; but does science propose for it^ pi- 
clusivc object the satisfaction of man's 2)rimary necessities 1 Hunger and thirst 
appeased, is there, indeed, nothing beyoAd ? Wretched would be the science 
which would shut itself ud within such narrow limits, which should restrict ihs 
•onl to tiie care of its frau tenement, and seel( in the secrets of nature no trace 
of its Creator, which should refiise to lift itself from the abject to the elevated, 
from the slough of earth to the etherial regions of infinity. And taking for 
granted that there is nothing fortuitous in the universe, and that the earth, instead 
of being spherical, is elliptical, or of a more complicated form, does not science 
fulfil its appropriate task when it investigates the true figure of this little glolie 
of ours, not for the simple pleasure of knowing it, but with tlie further purpoK 
of discussing the reason of that form, its origin, the changM experienced, the 
perturbations by which it may have been aficcted, the influence it exerts or the 
function it fulfilf in the admirable co-ordination of the created whole? If all 
thia ia not worth the trouble of investigation, to what other mystery of the physi- 
cal world should man, in preference^ consecrate his studies ? 

* 

III. 

Having mentioned the prmcipal geodesic operations which have, at different 

•fimcs, been effected in different couutrte^, to determine the form of the earth, 
it remains only to indicate the manner in which the partial results deduced from 
those operations have been combined, in order to obtain the final result, which 
is* at present, regarded as most approximate to the existing reality. Tluee 
distinct modes have been successively adopted for arriving at the proposed end. 

As the result of inexact observatioiiB, and an incomplete theory, it was fint 
assumed that the earth's figure was perfectly spherical. The labors of Picard, 
and of the French geometers, who immediately followerl him, conclusively 
dt^monstrate the fallacy of this supposition ; since, in contradiction of such an 
hypothesis, very difi^erent terrestrial radii were found to result from the several 
degrees of meridian measured, and within Imuts too wide to admit of the ^nfis^ 
ence that these differences were, collectively, attributable to errors of observir 
tion, or mistakes in calculation. 

The laws even then recognized, of the universal attraction of matter, the 
aspect of certain planets, such as Jupiter, which exiiibit a flattening towards 

* Sr. Vasmna Qmipo: Diagnisltionon flie Piseouiae <rf fisifar Saarodia Mensscs, beftw 
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their poles, or the extremities of the axis oi' rotation, and an induction founded 
on wi^-proved facts, showing that the terraq^ueous gplohe existed, at some very 
xemote period, m a state of perfeet fluidity* fluniBlied mtflMent grdonds for eon* 
clading that the ear&» instead of being spherical, would natu^rally present an 
elliptical figure, or one eliirhtly depressed in the direction of the polar axis. 
This heing conceived, it rcmaiued simply to deduce from pTf^odesical operntions 
the value of the deprcbsion, or, what amounts to the same thing, the relation of 
the two axes of the generating ellipsoid, as well as the dflflnifte dlmeiwioaa of 
those axes, for all which it had» in strictness, sufficed to measure two small 
ares of meridian in widely separated latitudes — one, for instance, near die eqim* 
tor, the other in some inhabitable region nearest to either pole ; nor, on the 
above supposition, would it have been of consequence whether those arcs cor- 
res|)onded to the same or to different meridians, while any intermediate arc, 
wliich might be measured, would senre for the yerifieation of ^e former, as well 
as of the law of ellipticity, assumed as a point of departnie. When the reanlti 
of the scientific expeditions to Peru and Lapland were known, and were com- 
pared in the proposed view with those obtained in France, and for tbe first time 
the values of the oblatcncss of the earth and of the equatorial aud polar axes 
were deduced, it was observed, not without surprise, that between the final de- 
dnetions drawn, with the aid of so much experience, and with the theoretieal 
ideas generated by those laborious investigations, there did not exist all the 
conformity which had been hoped for. The discordance, liowever, was at once 
attributed, not so much to the defect of the theory, as to the errors, to a certain 
extent inevitable, which had been conmiitted in the course of the operations, or 
to local irregularities in the surface of the earth; but, as time adVanced, and 
instraments were improved, while the obstacles already overcome served as 
useful indications to succeeding observers, the conviction was acquired, either 
that the form of the earth was not so simple nnd regular as was at first sup- 
posed, or, more probably, that the heterogeneity of its mags, and the inequality 
of the thickness of its crust, acting as disturbing causes, embairassed the labors 
of geodesy, and opposed their inddSnite advancement Gertainlt iiu at any rate, 
that at the close of the last centnry, as has been already inthnated, great inde- 
cision prevailed as to the real value of tlic earth's ellipticity, and that, but for 
the resort to an in^renious mode of eluding the difficulty, the same doubt would 
have prevailed on ibis point to the present day. A single citation will prove 
the truth of what has been just said. The Kussian general, Schubert, a dis- 
tinguished mathemadeian and astronomer, collated, in a memoir published at 
St. Fetersbntg in 1859,^^ the elements of the eight principal arcs of meridian 
yet known, being the Russian arc, measured by Ilansteen, Sclander, Struve, 
and Teniior ; the Prussian, the English, and the French arcs ; the arc measnred 
in Pennsylvania by Mason and Dixon ; that in Peru, by the Franco- Spanish 
commission j that in India, by Lambton and Everest ; and that measured at 
the Cape of GkK>d Hope by Madear. By combining these eight arcs, two by 
two, in all possible manners, the Bussian savant deduced, for the clemento 
of the terrestrial ellipsoid, twenty-eight different results, between limits much 
wider, doubtless, than the reader would imagine. Limiting ourselves, for 
example, to the polar compression, the twenty-eight valuations just cited 
^oup themselves in this manner: Three are higher than the fraction ; fbor 
arc higher than and lower than the preceding fraction ; nine are comprised 
between the last and ; seven between that and ; three between 3 ? ^ 

; and two, finally, being those corresponding to the combinations of the 
Russian with the Prussian arc, and of the arc of tlie Capo with that of Pennsyl- 
vania, are lower than the fraction xaW Supposing even that there were good 
and sufficient reasons for siibtraetmg from ue extreme values, it will stiu be 
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eeen from this slight analy^siB of Schubert'B work that Uicre is a wide field for 
tlieexereiBe of doubt , 

If it be coneeded that the Bpherical figure of tiie earth is not admissiblfi, and 
the elliptical appears as little accordant Avith tlie most probable results of obser- 
vation, wliat other geometrical type Avill repre8(!nt, better than these two, or 
more ajipruximately than tlie second, the general form of our globe I None, in 
fact ; for neither tile more complicated fiffure, which Bouguer imagined, nor the 
idea of separating the aacis of ujmmetry horn the polar axis, suggested by ElU^ 
gel» conoeptions, both of them, which the theory of the attraction and pdmeTal 
fluidity of the eartli cxcludcf=!, arc found to be exempt from the rrravc incon- 
Vienieuces M'hich oppose themselves to the adoptiou of the Bccoud Buppoi-ition. 
Of this truth Bchuoert himself supplies us with a good proof. In his memoir 
above eitedt after analyzing the fireigeneee, with reference to the fbirm of ihs 
earth* aoeording to the demeiits fipom which that form is deduced, and investU 
fattiag the causes from which so great a discordance might proceed, he concludes 
by'maintainin<^ that the earth resembles, not so much an ellipsoid of revolution, 
as an ellipsoid of three axes, or, what is the same thing;, that the meridians ara 
to be regarded as unequal eUipseSy aod the ec[uator and parallels as also el 
lipses, and not aa circles, as had, till that date» been believed* But the same 
astronomer, who seems bo well persuaded of this consequence horn his first in* 
vestigations in April, 1859, affirms, in January, 1861,* that, setting aside the 
are of India, he does not find, in the rest of the geodesic operations, any grounds 
for doubting that the terrestrial globe is an ellipBoid of revolution, compressed 
in the dhection of the poles. WhaA does this change of opinion, iJii.-^ vacillation, 
in a- man of Schubert's merit piove^ if not that thSs last figure represents that 
of the earth* as &r as a geometrical abstraction can represent the nmns. fall <tf 
life and harmonious adaptability, of natural objects ? 

But, admitting the elliptical I'orm, it still remains to determine its constitutive 
el^entSf and its dimensions; and, with this view, what is the combination of 
ares of meridian which shonld be preferred to the rest, whether for the precision 
with which those ares have been measnred, the nierit of the geometers to whom 
the operations were intrnsted, or the favorable circumstances of time and terri- 
tory m which they were executed? No single combination whatever: First. 
Because all that astronomers of merited reputation and conscientiousness profess 
to have done should be considered to be well done, or, at least, to be comparable 
. with what other astronomers* endowed with the same qnalities, are capable oS 
realhdng, under the ] ienalty of introducing into the science a principle of endlsas 
confusion. Secondly. Because the differences which occur in the elements of 
the terrcftrial ellipsoid, taken by separate combinations of arcs of meridian, indi- 
cate, not bo much a defect in the operations, or a fault in the observers, as a real 
irregularity in the form of the earth, or the existence of disturbing causes, such 
as the local attraction of mountains, and even those^ scarcely avoulable in pme* 
tice, which proceed from the uneqtud density and thickness of a plane suftoe. 
Ami thirdly. Because if, in all strictness, the form which we seek does not co- 
incide with the preconceived figure, the interests of truth will always vindicate 
their claim to recognition, if not by an appaient simplicity, at any rate by other 
more fertile qualities than pertain to any theory, however simple and reductive. 
In'order, then, to deduce me geometrical fignre of the earth the proper comae 
would seem to be to take into view all the partial measurements which have 
been made, or such, at lea>t, as are distiiij^aiished by some notable circumstance, 
as the place to which they correspond, the extent tlicy embrace, or the accuracy 
which has marked their execution, rejecting, of course, {ill which manitbst care- 
lessness on the part of the observers, or defect in the instruments which thpy 
have been oblig^ to employ ; and, assuming that the ellipsoid of revolution ifl» 
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in theory, and to a certain point also by experiment, the hypothetical figure 
motst conformable to reality, the final problem, one of pure.iaathematical analysis,. 
mad mot ceitaiAly exompt ficom difficnltieSi will coKBist in finding, by a collation 
of the Talnes of the Beveral arcs of meridian and parallel already measured, 
or hereafter to be measured, the curvature and dimensin:i? of the ellipsoid of 
the above species, which, without exactly Hatisfying on« or two geodesical 
operations, represents the results of all with the closest possible approximation. 
In this difficmt labor the Germans, Walbeck and Schmidt, by combiniug* re- 
epectiTelj, six and seven degrees of meridian, Besael ten, Aixy fonrtem of 
meridian and four of parallel, and, finally, the Englishman, OolonnL fiL' JaaiMy 
eight arcs of the f'lnncr kind, which afforded the greatest assurance of exact- 
ness, arrived iiidepLiidcutly at results closely coinciding with one another, each 
of which might serve, in the absence of the rest, for a definite solutiou of the 
problem with which we are occnjpied. In the fint of the two Allowing tables, 
taken, though not entire, nor m th(^ form here presented, from the Annual 
(Jahrbuch) of the Observatory of Berlin, for 1852, are shown tlie principal 
values given by the above mathematicians, together with the elements of the 
ellipsoid, which served for tlic establi.^hmeut of the decimarmi'ti'ie system, in 
the calculation of which, as was before said, only the results obtained in Perm 
Fiance, and Lapland were taken mto aeconnt» and thnt* too» before these weie 
eompetenily Imown. In the second table are presented olher values, relative 
likewise to the form and volume of the earth, deduced from the fundamental 
elements of the globe, calculated by Bessel, lUi l not less worthy of attention 
than tiiose contained in the former table. The initials employed in both tables 
signify as follows: 

In the fintf B and r, the eqnat&rial and polar radii ; D, their diffinenoe ; Ot 
the polar compreiaion <^ the globe, or the dilOoience of the radii referred to the 

greater; the squfire of the eccentricity of any meridian ellipse, or, «;iy, the 
difference of the squares of the two principal radii, referred to the square of the 
equatorial radius ; Q and q, the values of the equatorial and meridian quadrants ; 
and D and d, the valnes ox a single degree of theeqnator and of a mean d^^ 
of meridian* computed in metres like aii the preeedlng whkh do not express 
abstract relations. 

In the second table the sign marks the latitude or distance from the equator 
of the place or point to which the numbers on the right refer; M expresses the 
value of an arc of meridian of a single degree, comprised between the first and 
the oorrespondintf latitudes of the margin ; P, that of a degree of paandlel ; B, 
the terrestrial radius- or distance of the surface from the centre of the earth 
variable with the latitude ; and A, the area in square kilometres, comprised be- 
tween two meridians separated by a degree of the cfjuator and two piyi^m^lf^ 
between which intervenes a de^pree of meridian for diHercnt latitudes. 



l^emenii of the terregtri^ eS^^toid^, 

TABLE 1. 





(1799.) 


Walbeck, 
(1S19.) 


Bchmidt, 
(1829.) 


Bessel, 
(1841.) 


Airy, 
(1849.) 


James, 
(1858.) 


B 

D 

0 

Q 

2: 


63757;{Q 
6356650 

19r)89 

m4. Off 

0. 005979 

100141)88 
lOiMilKHJO 
IJ 1277.6 
lllULl 


G37C69i 
6355832 
21063 
'302.78 
0.006595 
10016803 
10000268 
111297.8 


6376959 

21437 
»297.48 
0.006712 
100169<»4 
10000074 

mill. 9 


6377397 
6356079 
21318 
i2ij9. 15 
0. 006674 
10017.'',92 

JJI.'U/fi. (') 

mm 6 


6377480 
6356175 
21305 
1299.33 
0.006671 
10017722 
JO0OO996 
IIUJOH.O 
mUij2.8 


6378283 
6356686 

2i5i?r 

i2i)4. 26 
0. 0(>G7^S5 
100181)33 
]0001%6 
lll:{22. 0 
111133.0 
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TABLE 



f 


H. 


P. 




Jl 






111307 


6377397 






110564 


290 


7391 


12306 




5€5 






mo 

Mi 




566 


155 


rm 


295 




568 


0:57 


729G 


284 




571 


110886 


7339 






574 


701 


7168 


asi 


MM 


57e 


488 


7085 


90 




583 


830 


6990 


904 




588 


169945 


6882 


175 




684 


627 


6761 


143 




600 


275 


0028 


106 




608 


108890 


6483 


(Jw 




616 


473 


6327 


033 




624 


021 


6160 


11975 




, 633 


107538 


5981 


924 




643 


022 


5790 


870 




653 


106474 


55ho 






664 


105893 


5376 


751 


19 


675 


2-SO 


5154 


686 


sio 


GS7 


104635 


4922 


618 


21 


700 


103958 


4680 


546 




< 13 




44<do 


ii'rt 
471 




726 


102510 


4166 


392 


84 


740 


17^9 


:iH95 


310 




754 


100938 


3616 


m 




769 


106 


3228 


19S 


MM 


784 


AAA ^0 

99246 


3033 


Mo 




'-'I in 


8350 


2730 


10947 




816 


7427 


2419 


648 




833 


6475 


9103 


746 




110849 


95493 


63n778 


1064S) 




867 


4483 


1447 


531 




884 


3i42 


nil 


419 


34 


902 


2373 


0770 


304 




990 


1S77 


9494 


186 


96 


938 


0153 


0073 


064 




956 


890O1 


63G97I8 




38 


975 


7822 


9360 


811 


39 


994 


6616 


8998 


681 




111013 


5384 


8633 


548 




032 


4125 




411 




051 


2841 


7897 


971 


43 


071 


1531 


7526 


W 




090 


0196 


7154 


6063 




110 


76837 


6783 


e» 


4«.; 


m 


7454 


6419 


681 




149 


6047 


6040 


531 




168 


4616 


5669 


375 




188 


3163 


S290 


216 




907 


1687 


4931 


064 
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TABLE a— Contiaued. 







F. 


B. 


A. 






226 


0189 


4565 


7890 


52 




245 


68670 


4202 


724 


53 




264 


7130 


3848 


666 


54 








3486 




55 




301 


m7 


3134 


210 






. 320 


2386 


2786 


034 


S7 




338 


0766 


2442 


6856 


68 




366 


89JS7 


2108 


676 


59 




o< o 


7470 


1769 




60 ... 




391 


5794 


1442 


906 






408 


54101 


1122 


• 

121 


62 




424 


2392 


0809 


5933 


63 




440 


0667 


0503 


743 


64 












ti5 




472 


7170 


G359913 


356 


66 




111487 


45399 


6359631 


5160 


67 




501 


3614 


9358 


4963 


68 ...... 




515 


1816 


9094 


768 


69 








oooo 




70 




542 


38182 


8592 


361 






555 


6347 


8355 


157 


72 




667 


4500 


8129 


3962 


73 




578 


2643 


7914 


746 


74 ....... 








771 1 




75 




599 


18808 


7618 


330 






609 


7012 


7337 


120 


77 




619 


6118 


7167 


8909 


78 




627 


3216 


7009 


607 


79 


/ 




1307 






80 




642 


19391 


6728 


878 






649 


17469 


6G0G 


057 






655 


15542 


6496 


1842 


83 




661 


13610 


6399 


1628 


84 




666 


11673 


6315 


1412 






v/v 








96 




673 


7790 




979 






676 


5845 




762 


88 




678 




6106 


544 


89 




679 


1950 


6087 


327 






680 


f« 


6079 


109 



Tot ill jirea - 500,950,715 square kilometres. 

Yulume 1,082,841,311,330 cubic kilometies. 



From the ezaxninatioik of tlie first of tbe sboye tables It reanlts tlitt, if we- 

adhere to the geodesic operations alone, tliennmber expresses by bow much 
the terrestrial jrlobe differs from the ?plierical form, and the numbers 6,377 and 
6,358 (kilometLTr^j give the dimension.i of the greater and less or equatorial and 
polar radii, an approximation which might, in all probability^, bo quaiiiied with 
a higher degree of ezactnesa by adopting either the fundamental ekments given 
by Bessel, the astronomer of the most enviable repntatton of the cuiTent century, 
or tho-r- floducod j^omowhat later, and, of cnnr^e, from more copious data by the 
diatiuguished director of the Obseryatory.of Greenwich, Profcfisor Airy. The 
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fizaetnessy or, at Umst, dose approzlniatioii of Ibe mmiber is hanA, mine* j 
over, to be Gonfizued by anotner class of considerations extraneoiu» In a certain 

degree, to grorlcsy, ana very indirectly related to those which served the two 
coli'bratod astronfuncrs last mentioned as a basis and guide in their valuable 
labors of combination and analysis. 

It was remaxked at the dose of tbe seeond pact of tbo present aillde ^urt 
nothing in nature is fortoitoos ; and it might well bavebeen added diat not only 
is nothing fortuitous, but there is nothing without a reason for its being as it is, 
nothing susceptible of bcin» essentially modified without communicating an 
impression to other oi't^anic parts of the complicated mechanism of the uuiverce. 
The moYoment by wliich the moon is carried around the earth does not depend 
exclusively on the intervening distance or tbe respective masses of tbe two 
' bodies, but on the distribution of their nutfses in concentric groups or on the 
figure of both globes. If the earth were spherical, the movement of it?* satel- 
lite would not bo that which is always observed ; nor if the discrepancy from 
that gimple form had been represented by a fraction difiering from would 
this fact have failed to disclose itself in a degree more or less sensible in bobs 
of the accidents vbich cbaraetenze the lunar movement : tbeorv, based upon 
the laws of imiversal attraction, laws announced by I^ewton and so sagaciously 
developed by Laplace, indicated the orbit which the moon was de^^tined to de- 
scribe on the hypotbe^^is of the polar depre.-^sion of om- globe being less by 
than the equatorial radius, and observation promptly confirmed all the concla- 
sions to which the theory had pointed. Few astronomical discoveries reflect 
more honor on the human intellect than the valuation of the earth's elliptict^ 
based upon the principles which have been just cursorily mentioned. 

But it is not necessary to withdraw our eyes from the globe we inhabit to 
discover other mean?, besides those which arc strictly geodesical, not only of 
demonstrating the ellipticity of its fornix but of verifying the limits within 
which the eccentricHy of that new fieuie is comprised. Our readers wiUdoi^ 
less readily infer that the process alHided to consists in the use of the pendu- 
lum, whose oscillations are more or less rapid in different parts of the earth, 
by reason of its form being sensibly and essentially different from the spheri- 
cal. When Laplace announced the relation existing between tbe movement of 
the moon and the oblateness of the earth, Olairault, in a special treatise on the 
subject, bad already stated the law of interdependence by which tbe conttan- 
oos depression of the globe from the equator to the poles is associated with 
the variations of gravitation or of the weight of bodies, and consequently with 
the oscillatory movement of a pendulum on the surface of that globe. By both 
geometers the task of verifying the truth of their theories was bequeathed to 
after experiment, and in both cases ike previsions of mathematical analyBisflid 
HiB results of obswvations long and carefully repealled have been found to 
perfectly accordant. 

In the long period which elapsed from the date when the French ricademiciaQ 
Bichcr first noticed the retardation of the pendulum in the equatorial zone, 
to that when the Spanish adiuuui, Malespina, undertook his Justly celebrated 
voyage of scientific exploration in 1789» the experiments made with the penda- 
.lum were nnmerons and interesting, in so far as they were directed to the 
' • demonstration of the ellipticity of the earth and the accidental irregularities 
which distinguish it; but tho!?e undertaken with a view to detemine the valne 
of that ellipticity have been neither i?o many nor were they so early as the 
former, lu 1826 Bessel showed the inaccuracy or want of care in the process 
till then followed for- deducing from the oscillations or length of a compound ^ 
pendulum, moving in air and at a variable temperature, the corresponding ele- 
ments of a simple pendulum, oscillating in a vacuum and in a thermal state of 
• absolute invariability: and, even much later, Humboldt thought that experi- 
ments with the pendulum, comparable in delicacy and precision with the ; 
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multitude of other, the most common, astronomical or geodcsical operations, 
vrould scarcely amomit in nomber to sixty. 80 scanty a xeeolt shoum, in our 
opinioD, be attributed to two quite distinet cawes. In the eompanlive azperi* 
mentB made with tlia pmdtilam, there i - "ouo^lit, in l3ie first place, a difference o£ 
length or of mimbers so pmall that the least inadvertence in tlif r5|,oration, or a 
distiirbing cauB*' nnwortliy elsiewherfi of consideration, will m ttt iiaily inlluencc 
the result and impau: its exactness. And moreover, even vviien the observationa 
* are eolidneCed dironghonk vitk all the reqnisito aceiiiacy<— a thing, we vepeat, 
ef great difficulty — still the tkeoffetic principle of their combination for deducing 
the terrest rial elllptiei^ supposes that the density of our globe, though variable 
according lo an ar&itrary law from the surface to the centre, continnei^ identically , 
tlie "ame in each layer ct>iieeiitric with the pnpcriieial <in«' ; !in liypnthcKis wliieh 
departs in some degree Irom the reality of nature, and wliicii uu liiat account 
OMinnt lead to letuts of abeoldte eertainty. After these eonsiderations, it win 
aoibeamatter of surprise that the values of the terrestrial ellipticity, deduced from 
experiments made in the prei?cnt era by Borda firft, and afterwards hy Biot, 
cbiefly at different points of the French meridian, by Kater in Enji^hmd, hy the 
navigators Freycinet, Duperry, Sabine, Foster and othera, under very ditiereut 
and distant latitudes, should sensibly vary firom one anoliicr, and likewise to 
aoiae extent the final number, dedneedftom the ezamtaiationof all of them* when 
eempaved with that which rc^^ulta from the enm of the principel geodesielahon. 
But to what at most does the difference amount? From the experiments made 
with the pendulum, tliere resnlts as the value of the earth's polar compression 
the number j^lf, somewhat greater than the fraction and less than jrljri ^ 
dififeieaoe oflKm two extreine IbetioM sodiaetfaemflfereDee 
ef the veenlts obtained by help of the pendonmi ana by the ordinary processes 
of geodesy will be found to be represented by amunb^ stiU less than tlie la^t. 
Admitting, then, that the value of the equatorial radin« is in metres 6,377,397, 
there would remain in the length of the polar radium an uncertainty of 2.362 ; 
and this, it mu^t not be forgotten, on the bupposiiion, really more unfavorable 
than is wananted* that the donbt xeepectiikg the polar oompiessien of the eavtfi 
would present to ns as equally uneertain we two fractions and Bat 
the relation of the number 2.3G2 to the value of the equatorial or tne polar 
radius is lower than that of 1 to 1000 : thu^ in the appreciation of a quantity 
composed of a thousand equal parts, it would be at iumt doubted whether we 
had counted one part more or less than was proper ! Instead of being surprised 
at the existence St snchan nnoertainty as this» it might well csnse astonishmenty 
as Prof. Airy has remarked in reference to. this subject, that man shonld have 
ani\t d at a knowledge so precise in a matter fo difficult and obscure; while 
tlif i*' is still room for confidence that fiirthor advances are \n his power, and 
adequate encoura^meut to persist in the puisuit of the truth. 

Tnat ihia confideiieeand enoonF^nement exist is shown by a nn^le refeienee 
to the projects of new geodcsSesl operations and experiments, suggested by 
some of the most celebrated of cotemporary astronomers. In 1857, for example, 
Biot propo5(Ml to the Academy of Sciences of Paris that a new determination 
should be iiiidertaken, by mtithods and with inftrumcnts more delicate than 
were before kuuwu, of the whole extent of the arc of I'eiu as well as of the 
▼arions arcs of parallel measured in Europe ; that «cperiments with the penda'- 
hun shonld be multiplied '11 hose localities where considerable anomslies have 
been noted in tin; direction of the vertical, or where their existence is suspected, 
with a view to ascertain iheir cause or causes ; in a word, that no means should 
be spared of discovering all the accidents of form and density which distinguish 
the terraqueous globe from the theoretical ellipsoid defined by Bessel and the 
mathematicians who, with a degree of precision difficult to surpass, have either 
preceded or followed him in this enterprise. The ideas of Biot, deliberately 
GonsideiQd and digested eTeatoally into the oolossal project of measoxinga new 
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axe of meridian extending from Falenno to Uie pinllel of OribtiMnia and Upeal* 
aefOABBeaBandeontinents prodigiously dfyenified, and intermediate to the Rub- 
sian are in the eait and that stretehing from Formentera to the Shetland isles 

in the wcpt of Europe, have been zealously seconded by the Prussian general 
Bacycr, the companion of Bessei in the geodesic operations of Koenigsberg, and 
distinguished alike for his knowledge and e^jperience. la the memoir relative to 
this matter, which he published in Berlin in 1861, Baeyer does not ask the pro- 
teetion <ii goTennentSt nor invoke the learned of all oonntriea to unite tneir 
^orts, for the purpose of ascertaining whether the polar compression of the 
earth is a bnndrcd-thouaan'ltli part crrcater or loss than it is believed to be; he 
holds, on the contrary, that the geometrical problem is resolved ; but thepbysi^ 
cal and geological problem, closely associated with the real figure of the globe, 
he regains as* seaxcely yet defined. The idea of Baeyer, 'vrhieh Blot, as we 
hare seen, also cherished, and which equally exercises the thoughts of other 
savants, would doubtless be realized, if the local influences wliich embarrass 
and comp1if?ite the gcodej?ical operations, instead of being avoided as heretofore, 
were pui popcly sought for and measured ; if, wherever practicable, the net-work 
of triangles were extended around and over the surtace of seas and of volcanic 
legions, and aeross the valleys and monntain-ehaina of more abnormal compo- 
•ition; if the instroments for measuring distances and angles were rendered 
comparable in some sort to the balance of tlir chemist anfl the goniometer of the 
mineralogist ; in brief, if, after having defined the external figure of the earth, 
geodesy should penetrate, as it were with the eyes of induction, into the interior 
of the globe, in order to reveal to ns the origin of that figure, the transfonna- 
tionB it has experienced, and the stahili^, whether little or great, which it pes- 
aoaoofl for resisting the destmetlTe assanlta of tune. Considered under this new 
aspect, the question presents an extraordinaiy interest, opens to view an indefi- 
nite and almost unexplored horizon, and affords one proof more of the close 
interconnexion winch exists amomg; aU the natural sciences. Let the prefect 
of Baeyer or some anaJogotts ona Ce tramtend to the field of practice, andUie 
nineteenth ceotoiy will wTe won yet another title to the oonsideratioii cf the 
aipes to come. 
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WITH A VIEW TO THB ADYANCEUENT OF SOIENOE. 
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4lf the i'rcnrh Acadcnifj of St'u uccSf 6fC, 



t, — THE INVBNTION OP BALLOONS. 

Man, by reason of bis weight, and the weakness of his mtiscalar power^ 
seemed doomed to creep on the fluz&ee of the earth, and to haye been dleqiiidl- 
lied for Btudying the physical properties of the higher r^ona of our atmosphefe, 

except through the toilsome ascent to mountain summits. But what difficulties 
are there over which genius, united with perseverance, will not eventually tri- 
umph ? From the most remote times the idea of Boaring into the air, far above 
all terrestrial objects, by means of machiucs which the imagination endowed 
trillt pTopeptiee nnfortnnately of impossible attainment* baa never ceaeed to oc- 
cupy the human mind. Who has not heard of the attempts of Dedalus and 
Tcnrus, of the projects of Kogcr Bacon, and of Fathers Lara and Galen 1 But, 
until 17S3, it had been granted to no one to realize the dream of so many ages. 
Joseph Michel Montgolfier, who was born in 1740, at Annonay, in the depart- 
ment of the Ard^che, and who died, a member of the Academy of Sciences, in 
1810> had caledated that through tiie laie&etion, by meana of heat, of the air 
eontained in a paper balloon of a certain extent, an ascensional force might be 
^'ven it pufficent for elevating men, animals, and any desired instruments. So 
much contidcncc had he in his theory that he did not hesitate to undertake, June 
5, 1783, a public and formal exhibition before the deputies of the provincial 
eatatefl of YiTaxala, assembled at Aononay. Hontgolfiernas himself deferibed, in 
the foQowing terms, this first experiment, irhich forms an epoch in the history of 
the most im|Hn taut discoveries : ''The aerostatic machine was constructed of 
canvas, lined with paper, and covered by a network of twine attached to tho 
canvas. It was nearly of a spherical form, and of a circumference of 110 feet, 
(3o"'.73 ',) a frame of wood, 16 feet ai^uare, steadied it on its base. Its capacity 
was nbont 22,000 cubic feet. It, UtoEefore, displaced, supposing the mean weight 
of die air equal to of the we^ht of water, a mass of air eqoiTalent to 1,980 
pounds, (969 kilograms.) 

" The weipi-ht of the gas (heated air) was nearly half tliat of the air, for it equal- 
led 990 pounds, and the machine, with the frame, weighed 500 pounds. For the 
rupture of equilibrium there remaiued, therefore, 490 pounds, as was found con- 
formable to the experiment.* The different pieces of the baUoon were fastened 
log* t]ii r simply by means of button-holes and buttons. Two men sufficed to 
lift and fill it with gas, but it required eight to retain it. When reloaspd, at a 
given signal, it mounted with an accelerated velocity, though less rapid towards 
the end of the ascension, to the l^ight of 1,000 toises, (upwards of 6,000 feet.) 
A wind, scarcely perceptible at the surfiioe of the earth, bore it to the distance 
of 1,800 toises from the place of departure. It remained ten minntes in the air. 
The loss of gas by the bntton-holeB, needle punctorea, and other impeifectious, 
prev«nted any longer ftnpenidoiL The wind ma, at the time, sontherljry 
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with rain. The balloou descended so lightly that it broke neither the branchefl 
nor frames of the vineyard on which it finally iwted*" 

The gas employed in this experiment was nothing bnt air dilated* by heat, 
but its nature was not stated iu tlic report of the ascension publislic4 in the 
journals. Without waiting for further indic.itions, the artist, liobert and the 
physicist Charles, by means of a national subscription, which was readily ad- 
Tranced, constructed, of lutestring coated with gum elastic, a balloon four meters 
(13.12 feet) in diameter, which they filled with hydrogen gas, procured by 
the action of diluted sulphuric acid on iron filings. This balloon ascendedficom 
the Champ dc Mrir*', August 27, 1783, at five oVlock in the afternoon, in 

Ereseuce of an immense crowd, and heralded by salvos of cannon. It remained 
ut three-i^uarters of an Lour iu the aii', aud fell at Uonesse, near Econen, five 
* leafues distimt from Bute. Thns was demonstrated the possibility of malAig 
balloons of yamished material, nearly impermeable by hydrogen, the lightest 
of known gases, and possessing great advantages over the heated air. Yet this 
mean>j of obtaining very considerable ascensional force with balloons gf limited 
dimensions was not immediately adoj)ted, and sundry experiments were suc- 
cessively made with very large aerostats inflated with air heated by a fire of 
atraw mixed with a little wooL It was with snch a balloon, having an oval 
iaaau a height of 23 meters, a diameter of 15, and a capacity of 2,056 evdnup 
meters, that Pilatre dc Roziers and d'Ailandes made tne first aerial voyage 
which man had ventured to undertake in balloons wholly detached ' and uncon- 
fined. Asceudiug from the Chateau de la Muette, November 21, 1783, they 
traversed a distance of two leiuraes at an elevation of about 1,000 meters, havin^^ 
in then transit, hovered over Paris for 20 or 26 minutes. The Ist of December 
following, Charles and Robert ascended from the Tuilleries in a spherical balloon, 
nuidc of lutestring coated with gum elastic, and having a diameter of only 8.50 
meters, which was inflated with hydrogen. After a passage of about nine 
leagues the balloon touched the eai lii at Kcsles, where Eobert left the car, w hilo 
Charles reascended and readhed an elevation of abeot 2*000 meters, alighting 
finally two leagues further on, afier having experienced a cold of — 5*^, or 4- 
23 Fah., when the thermometer indicated on the groimd -4-7°, 44| Fah. From 
this day dates the demonstration of the practical poeeibility of balloon voyages — 
voyages always adventurous, but which have become, at a later period, a pastime 
withperi^ons of leisure. I shall not speak here of the attempts which have been 
.made to deinre advantage from aerostats in militaxr eq^tions, nor of the nnr 
mORHis contrivances to direct their course through the air, nor of the unfortonato 
experiment of uniting the action of fire with the employment of hydrogen, for 
which I'ilatre de Roziers atoned with his life, nor of the substitution of illumi- 
uatiug gas for hydrogen, a substitution which renders these enterprises less 
costly, but which diminishes the ascensional force of apparatus of a determinate 
dimension. I must restrict myself to aenmantic voyages, performed with a vieir 
to the advancement of science. 

We must refer to the old Academy of Scienrr^ if wc would find nn accoimt 
of the first voyages by which science was bene tiled through the employment 
of balloous, in wiiich hydrogen gas was used as an a^ent. The expeditions of 
]OL Biot and Gay Lnsaaot majto In 1804, were preceded by fhe aseensions of 
Bobertson, Lhoest, and Sacharoff, which yielded some interesting results ; but 
not until after nearly half a century were the remarkable voyages of MM. Barral 
and Bizio nndestalben, followed shortiy afterwards by those of Mr. John Welsh. 

IL— RBSEABCHES TO BB MADB IN ABB08TATIC ASCBNSIOIfS. 

Those who propose to undertake aerial voyages form, in general, uo idea of 
the Biunber of^ qneetlons to be xeiolTed, nor of & difficiilties to be snrmoonted 
in Older to furnish sdenee with certain elements of disonssion. The instm* 
iMBts nqnimte for homstlcfaiiqg^ an well tbs ttmpsBstm tm ihn bydnNn^tria 

■ 
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state of the air, tlie pTionomcna of the maj^netic nccrlle, tho proportions of po- 
larized light contained in tlic lif^^ht of the atmosphere, the diaphaneity, the 
color more or lebs blue of the tlitfereut strata oi aii , &c, do not exieit at oil, or 
eke require important modlfioationa More b^g applied to the research ot the 
laws 1 y which the phenomena vary with the heightr i^ch is itself uot deter* 
mined with (>ntire precision by l)aromef rical observations. For half a century 
many learned bodies — the French Academy of Sciences, that of St. Peterphurj^h, 
the Britieh Association for the advancement of science, the Academy of Dijon, 
&c. — ^have directed inquiry to the means of supplying the defect of which I 
apeak, and of ftimiflhiiig aeronauts with adeqinate instnunents of investigation. 
But iSie problem has been by no means consHered under all it^ a.spects, and i» 
Vf-ry fiir from having receiver] a f'ompletc polntionj at all events, the suggestions 
which have been derived f rom tlie vuya<;e3 of Biot and Gay Lu.ssac,iand especially 
£ni>m those of Barrai and Bixio, uhould be taken into serious consideration by 
tluMBe ivhose ^btJ. shall hereafter prompt them to enoonnter the perils of sneh en- 
ta]^ilaee» in the yiew, particularly, of reaching the most highly rarefied aerial 
regions, and traversing the atmosphere under its most variable conditions. The 
principal qacstions on which the attention of soch eaq^loreis should be fixed ■ 
are the following : 

1. The law of the decrease oi aLmospheric temperature wiLh the elevation. 

2. Influence of the solar radiation in the different regions of the atmosphere^ 
deduced from observations made upon Ihennometers whose bnlbs are coated 

Vith very different absorbing snbstancc?. 

3. Determination of the hygrometric state of the air in the several atmos- 
pheric strata, and comparison of the indications of the psychrometer with the 
aew-point at very low temperatures. 

4* Analysis of the air from diffevent heights. 

6. Determination of the qnantitj of earbonie add contained in the higher 

reg'ions of the atmosphere. 

6. Examination of the polarization of light by clonds. 
• 7. Observation of different optical phenomena produced by the clouds. 

8. Observatiofi of the diaphaneity, and of the faitensity of Uie Une color of 
difeent Btmta of air. 

9. Observation of the declination and inclination of the magnetic needloi and 
of the intensity of nmfrnctism. 

10. Study '1 till i lcctric state of diflTerent atmoppheric strata. 

11. £xperimeuts ou the transmission and reilcctiou of sound in diHerent 
Strata of air in a serene state of the sky, and in a sky containing cloads. 

12. Physiological obsarvationB on the effects produced by the rarefaction of 
the air, very low temperatures, extreme dryness, Szc. 

The instrumentB at the disposal of the voyagers should be the same as those 
which, by my own advice, and that of my illustrious colleague, M. Rcgnault, were 
earned by MM. Barrai and Bixio in their Expeditions, and which they would 
have eontinned to nse had they been able to make other arcensions, to wit : 

1. Two sipbcm hflfltmnetem, graduated on glass, of which the aeronaut need 
observe only the npper meniscns, the position of the lower meniscus being given 
by a table constructed after direct obser^';ltions made in the laboratory. Each of 
these barometers should be provided wiiii a thermometer divided in centigrade 
degrees, so as to present a scale extending from +9S^ to —38^. It is now 
known that the aeronant may encounter strata of ahr having a tempeiatoiie 
lower than that Off the congeation of mercury ; hence the ordinary barometer 
wiU not answer, and an instrument should th('ref(ne T>e furnished, f\ounded^ 
on the pre? sure exerted by the atmosphere on an elastic spring, and tested at 
very low temperatures under feeble pressurci:; obtained by the pneumatic machine. 

8. A veitical thermometer, of amtiary graduation, the cylindiical reserroir 
of wUch is placed in the azia of ieveraleoncentrlcenvelopea of bright tm, open 
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at their baaes to admit the circulation of air. This fimngement has been clevipet? 
iu order to obtain, at least approximately, the temperature which a thenngmeter 
would indicate in the shade. 

5. Three thermometers, haying arbitrary flcales, attached to a metalUe plate 5 
eentimeten apart. The resenroir of the fiist of these thermometers shoald have 
a Titreous surfaee; the surface of the second shoald be coated with lamp- 
black; and the reservoir of the third should be covered with a cylinder of 
polished silver, which must also envelop a portion of the nteni. The reservoirs 
should he narrow cylinders, much elongated. Immediately below the redervoirs 
the metallic plate enonld support another plate brigb tly coated with eilver. The 
pkte bearing these thermometers ehonld be arranged horizontaUy on one of tha 
■ides of the ear, with a view to its remsining oonsteiitly exposed to the solar 
radiation. 

4. A psychrometer formed by two thermeters of an arbitrary scale. 

6. One of Begnault'b condensing hygrometers. 

6. Tubes of canstie potash, and slso of puniee, wet with sulphitrie add, fi» 
the determination of the carbonic acid of the air. The air shomd be drawn in 

by means of a pump of the capacity of one litre (1.760 pint) accurately ganged. 

7. Two balloons of one litre capacity, furnished with stop-cocks of steel, for 
collecting the air of the higher regions. These balloons, enclosed in tin boxes, 
should be scrupulously exhausted of air before the ascent. 

8. A mii^imnm thermometer of M. Walferdin, which shoold be enclosed in a 
tin cylinder, pierced with holes. It is best that this instrument should be placed 
nnder seal, as was done by MM. Banal and Bixio, since the control of the per- 
sonal observations by means of a mnto. instrument imparts considerable value 
when they come to be verified, and affords a triumphant reply to objections 
iHiieh, llirongh a natural tendencT of the human mind, always oppose themselves 
to resnlts which cannot be imme£ately Terified by now experiments made under 
the same conditions. In the event, moreover, of the ascension of the balloon to 
heights where the temperature falls below— 40°, the point of congelation for 
mercury, it will be neecstsury to have thermometers of alcohol or sulphuret of 
carbon, graduated below that point of the thermometric scale, so that the obser- 
rations may not be interropted by a circnmstanee winch has ceased to be con* 
sidered as of impossible occurrence. 

9. It is from the considerations just stated, that I would recommend also the 
use of the apparatus devised by M. Regnault, and intended to indicate the 
minimum of barometric pressure, and consequently the maximum of elevation to 
which the bdloon has attamed. This apparatus should be enclosed in a tin case 
pierced with ntanetons small openiugs. The iid of this case should be second 
with a seal like the minimnm tiiermometer. 

10. Polariscopic telescopes, such as I have described, Attrtmomie pqpuUdre, 
p. 101. 

11. Instruments for showing the declination, inclination, and intensity of 
magnetlBm, snepended in snch a manner as not to be affected by the movemeols 
of rotation of the balloon hi its ascent, as has been observed by HM. Biot» Gay 
liussac, Barral, and Bixio. 

12. Electrometers so constmcted as to be capable of indicating at onee th^ 
kind and the intensity of the electricity of different aimospheric etrata. 

It is scarcely probable that in an ascension, observers will be able to embrace 
at one time so many snlgeets of stndy, or use successively and opportmiely so 
many instnunents. The aeronaut should, on each occasion, limit himself to a 
small nnmber of important inquiries. It is only in a series of aeronautic expe- 
dHin-ns t>fat a collection of records can be made corresponding to the great number 
of (Questions which the constitution of the teirestrial atmosphere presents for 
tofatnon. 
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It is impossible to finune a programme whidi will embrace all the points 
worthy of ezaminaidon; we are eonatrained to admit that the nnfbreBeen w31 
always play a principal part in aeronautic ezpeditioika. Wc know Bttle at 

present of tiie coiistittition of clouds, of the phenomena of rcfri<^cration produced 
by their evaporation, of the mixture of strata of air differently saturated with 
humidity and derived from very different sources, of the action of electricity 
whicb traverses great aerial Bpaoet» Ace. In every caae it is desirable tbati daring 
the progress of aerial voyages, there should bo made, at least from hour to hoiir» 
in the principal terrestrial observatories, observations analogous to those which 
the aeronauts propose to undertake. This was advised in 1841 by a committee 
of the British Association, m a report relative to the advantages which science 
might derive from aerostatic ascensiouB, a report signed by lirewster, lierschel, 
Laobock, Robinson, Sabine, Whewdl, and Miller, and the advice was observed 
by WSl. Barriil and Bixio, who were thus enabled to connect &e phenomena 
noticed In ttie higher regions of the air with those which occorred at the same 
time on the surface of Europe. 

Barometric obt^crvations in connexion with those of temperature yield, by 
means of a formula which we owe to the renins of Laplace, the measure of the 
elevation to which balloons ascend above the level of the sea. This finmnla has 
been reduced l^to the nsual tables which are found in the Aamuaire du huream 
dc.-i longiittdi ^ The considerations on which the illustrions geometer founded 
hia analysis led hiin to employ in hi-j admirable formula a coefficient whose 
det^minatiou llamuud had arrived at, by comparing a great number of the 
measnrements of the l^ght of mountains taken with the oarometer with their 
trigonometric measurements. Now, as Ramond operated chiefly under the par- 
allel of 45°, and upon mountains whose elevation scarcely reached 3,000 meters, 
there is nothing to prove tlm t the undetermined coefficient of Laplace's formula 
is susceptible of being applied to the meaduremeut of much more considerable 
heights, and made in other latitudes. It would not be superiluoud to measure 
directly, by observations made firom several astronomical stations situated at 
known distances, the heights to which aeronauts attain, and to compare the 
repults obtained with the barometric dctemiiuations. l\o doubt these operations 
will present numerous difficulties, and may be not unfrequently tried without 
Buccet>6, because the balloons may disappear in the clouds or be carried in 
directions which will not permit the terrestrial telescopes to follow them with 
any advantage. But the problem to which I here calT attention merits by its 
Importance ue sacrifices which may be encountered In giving it a satisfiustoiy 
Miatlon. 

fll. — ABRONAimC V0YA0B8 OF LBOBST, R0BBBT80N, AND 8ACBAB0PF. 

The first aeronautic voyage to which science was indebted for some useful 
indications was that performed at Hamburg, July 18, 1803, by the physicist, 
Bobertson, accompanied by bis countryman, Lhoest. They remained suspended 
in the air five hours and a half, and descended at Hanover, twenty-five i^gnoa 
distant from the place of departure. 

At the moment of the ascension the barometer on the earth stood at 28 iuches, 
and the thermometer at+16° Beaumur j at the greatest height to which they 
attained the barometer showed 12.4 inches, and ihe thermometer — 5^5 Beaumnr. 
These observations, reduced to metric and centigrade measoreoMntB, give 758 
milliineterri for the barometric height, and + 20^ for the temperature at starting ; 
336 millimeters and— ti'.9 at tho highest point reached, llcnco, according to 
the formula of I<aplace, we deduce (>,d3i meters as the maximum height to 
which the balloon ascended. 

^he two aeronauts thought that at that heieht they observed the oscillatiomi 
of the magnetic needle to be much less rapid than at the surface of the earth, 
and that consequently the magnetic intensity diminishes rapidly as the elevatimi 
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in the almoaphere increases. Tbey also reported that they had experienced 
much physical suffering, and observed physiological phenomena, such as the 
swelling of the lips und veins, tlie bleeding of the eyes, &c., which have not 
been nniformly verified in subsequent expeditioti?'. 

However this might be, the Academy of iiciences of St. I*eterBburgh deter- 
mined on a repetition of the ezperinent to he madeby Bobertson hlmse£ assisted 
by Saeharoff, one of its own members, dietiugnished both as a physicist and 
chemist. This second ex]K'(litioii took place June 30, 1804. The aeronauts 
ascended from St. l^etcrsburgh at 7 hours 45 minutes p. m., and descenfUd at 
10 hours 45 minutcf^, near Sivoritz, nt a rlistance of about 20 league?. At the 
moment of departure the barometer stood at '60 iuches, and the thermometer at 
19° Beanmnr; at the greatest deration the two instruments indicated respect' 
ively 22 indies and 4*^.5 Reanmnr. We oondnde from these observations that 
tbe baroraetric pre?>urc and the temperature were, at the point of departure, 812.1 
millimeters, and -j- 23^^.7 ; at the greatest elevation, 595.5 miilimeters und + 5^.6; 
and from this it results that the highest point reached was 2,703 meters. MM. 
Bohertson and Sacharoff were not able to make regular magnetic obserratioos, 
but they felt authorized to affirm that the needle of declination had ceased to 
be horizontal, and that its north pole was elevated about 10 degrees* its sooth 
pole having an indinatioii of the same amount towards the earth.^ 

IV.^V0YA0B8 OF BIOT AND GAY LU9SAC. 

SauBsure, after a series of observations made on the Gol du Geant at a height 
of 3,435 meters, conceived it to he ascertained that at that height the magnetis 
intensity tmdergoes a sensible diminution, which he estimated at about one-fifUi. 
This result appeared to be verified by the aeronautic voyages of Robertson, 
Lhoest, nnd Sacharoff, just fpoken of. But tlie proofs of the fact were not 
given in a sufficiently decisive manner to secure it a deliuilivc reception into 
science, and the question appeared important enough to the principal members 
of the Institute, Laplace, BerthoUet, Chaptal, to justify a special experiment 
. This wasintrust&d to MM. Biot and Gay Lussac, who ascended from the garden 
of the Com^errnfnire (fcs arts ct vicfiers, August 24, 1S04, provided with all the 
necessary instruments. The small dimeusion-s of the balloon did not allow the 
two aeronauts to reach the height of more thau 4,000 meters, and at that eleva^ 
tion the temperature, which had heenH-17°^ on the earth, had only sunk to 
+10^.5. Ijeaving at 10 o'clock in the forenoon, they descended, about half 
after one, 18 leagues from Paris, in the d(>pai tmeTit of Loiret. Taking advantage 
of tlu' moments ^vhen the movement of rotation of the balloon in one direc- 
tion isLopped, being about to be resumed in the opposite direction, the learned 
physicists w.cre able to determine the duration of five oscillations of the magnetic 
needle in different aerial strata, and they obtained the following results : 

Heights. 

0 meters. 
2,862 " 
2,897 " 

3,038 
3,589 •* 
3.r>G5 " 
3,742 « 
3,845 « 
3,977 «* 

Thus the observations agree in giving 35 seconds for the duration of five 
oscillations, or at least the observed differences are too small to allow of any 
conelusion being drawn from them. 



Duration of 5 oscillations. 

. . 35.25 seconds. 

35 « 

35 » 
..35 
..34 

. . 35.5 " 



36 
35 
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Under these circiimi^taiu'Orf it was evident that a uew ascenssion ouglit to bo 
undertaken. This time Uay Luasac ascended alone. He rose from the garden 
of thelOonservatory, September 16, 1804, at 9 hours 40 minutes in the morning. 
He alighted at 3 hours 45 rnhmtas, between Boaen and Dieppe^ 40 leagues ironi 
Parii^. near the village of Saint Gourgon. 

The distinguished savant Lad furnished his aerostat with lon^^ cords, designed 
to moderate its movement of rotation, and he could conbequently count more 
easily the Oiscillations of the magnetic needle; he obtained the following results: 



Heipfhts. Dujatiou of 10 oscillations. 

0 meters 42.16 seconds. 

3,371 " 41.5 

3,867 " 42.0 •* 

4,551 " 42.5 « 

4,294 « 41.8 

4,367 " 43.0 

4,765 « 42.2 

4,848 " 42.8 «• 

5.277 « 42.2 

5,671 " 42.5 « 

6,146 " 42.0 

6.182 " 41.0 *« 

0,923 ** 41.7 " 



From these observations, wliicli do not present Fufficiently appreciable dif- 
ferences, Gay Lussac drew the conclusion that the magnetic force dues not 
undergo sensible variations up to the greatest heights which we can attain. In 
tegard to this he thua expresses hiznself ; *'The eoaseqnence which we have 
drawn from our experfanents may seem a little too predpltate to those who 
TRTnember that we have not been able to m^e observations on the inclination 
of the magnetic needle. But when it is remarked tli i*^ the force which cau-ses 
a hozixontai needle to oscillate is necessarily dependent on the intensity and 
directiou of the xaagnetie force itself, and tlmt it is represented by the cosine 
<if the angle of inclination of this last force, the conclusion which we have 
arrived at cannot fail to be drawn, that, since the horizontal force has not 
varied, the total force cannot have varied, unless one chooses to suppose 
that the magnetic force may vary precisely in an opposite directiou, and with 
the same relation to the cosine of its inclination, which in not at all probable. 
We have, moreover. In support of onr condnsion, the experiment of the incU- 
nvtion Which was made at the height of 3,902 meters, and which proves that 
at that elevation the inclination did not vary in a perceptible degree." This 
conclusion was logical at an epoch when it was not f^enerally known that at a 
given place and under given circumstances the duration of the oscillations of a 
magnetic needle is influenced by its temperature. Now, the depression of the 
thermometer of Gay Lnssae had been soffieiently considerable to pvoduce 
noticeable changes in the magnetic needle. We see that, in the imperfect state 
of the instruments and the science in 1804, it was impossible to. arrive at an 
exact solution of the problem which the Institute had in view. Even at 
present this problem is still unsolved. 

The principal lesnlt of tiie aeronautic voyage of Gay Lussac relates to the 
constant composition of the atmospherie ahr to a height of 7,000 metres. The 
fllustrions phjdcist had die good fortune to bring the first air from those high , 
regions, and to give an analysis of it, whose accuracy has boon uniformly veri- 
fied by new experiments conducted with the improTed processes which science 
has discovered during half a century. 

AMhor ftflt, BO less important. Is ilie wide cBlfeienoe which Qay LnsBac 
fbuid between the tempetaiates below and al the great height to which he 
22 8 
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ascended. At the moment of hia departure the baroneter registered 765.25 
nuUimeters, and the thermometer -f27'.75; fit the greatest elevation these 
inetruments gave 32S.^ millimeters for the pressure, and — 9'^.5 for the tem- 

Serature. It results that iSixy Lussac rose to the height of 7,016 meters above 
ie mean level of the «ea, and that be found himself expoied to temperatures 
diff iii gby37*>. 

I shall not speak of the hygrometrical observations, because it only results 
from them, as from the greater part of those ^vhirh have been made to this day, 
that the dryness of the air becomes ver^^ considerable in high regions of the 
atmosphere. Hair hygrometers are instruments whose indica ions are so little 
comparable with one another that it is impossible to dedoee precise conchi* 
sions from them* 

Gay Lussac has reduced to tlieir just value the recitals of physical sufferings 
which are suppo:*ed to be felt in very elevated strata of air; he expresses him- 
self on this subject with perspicuity and simplicity : *' Arrived at the highest 
' point of mj aseension, 7,016 metets above the mean level of ih» sea, my respl* 
lation was sensibly embairassed ; but I was still very fiv from experiencing a 
degree of inconveni^ce which could induce me to descend. My pulse and 
i^piration were much accelerated ; and, breathing thus rapidly in an air of 
extreme dryness, I cnnld not he surprised at having the throat so dry that it 
was painful ibr me to b\v allow bread." 

It is thns seen that die aseensioas of Bioi and Gay Lossae are the liiet 
which have been*made with marked sneeess as legards the solntion of sdentifie 
qncstbns. 

▼^TOTAOBB OF BABSAL AND BIXIO. 

MIL Banal and Bizio made two aeionantic voyages, by the last of which* 
especially* sdenee was enriched with unlbieseen lesnltB of great importaaoe. 

In reporting to the Academy of Sciences an account of the fii-st excursion of 
these intrepid physicists, I expressed myself in nearly tljo following terms: 
"MM. Barral and Bixio had conceived the idea of ascending to a great height 
in order to study, with the improved scientific instruments of the present dayi 
a multitude of atmospheric phenomena still imperfectly known. It was pxo- 
posed to detemiiiii the law of the decrease of temperature with the height; the 
Taw of the diminution of humidity; to ascertain whether the chemical composi- 
tion of the atmosphere is the same throughout; the portion of carbonic acid at 
different elevations ; to compare the calorific e£fects of the solar rays in the 
highest regions of the atmosphere with these same effects observed on the sur- 
&ce of the earth ; to determine whether there arrives at a given point the same 
number calorific rays from all points of space; whedier the I5ght leflected 
and transmitted by clonf^'? nr is not polarized, ^c. 

The instruments necessary for so interesting an expedition had been pre- 
pared with great care and precision by M, Kc^pnauU. Never has the love of 
Bcience been manifested with more disinterestecbess. M. Widferdiu furnished 
several of his ingenioos ^ermometers. The explorers were* b^des, provided 
with barometers very accurately gradoated* for detemining tfie height at whush 
the different observations were made. 

The aeroii;mt.-i had intrusted the preparation of the balloou to M. Dupais 
Delcourt, who had distiuguished himself by twenty-eight aerial Toyages. All 
the anangements were nmde in the garden of the Observatoiy of Buii. TIm 
ascension took place Saturday, June 29, 1850* at 10 boom '27 minntCB in tlie 
morning, the bnlloon having been filled with pnrc hydzogen gas pcocozad hj 
the action of chlorhydric acid on iron. 

According to all previous calculation, the explorers might now have expected 
to rise to the height of 10,000 or 12,000 metenu supposing the upper strata of 
fha atmosphcM to conespond wttii recelyed theoieoMl ideas. 
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At the momeiit of departQie, bowem, it mlglit easily be men tlutt in aereral 

respects the aerostatic apparatus was imperfect. The balloon, in conseqnence 
of the prevalence of high wintLs, had ht on torn at many points, and mended 
with too great haste ; the raiu fell iu torrents. What waa to be donel It had 
been most pradent, perhaps, not to ascend, but the aeronauts rejected the idea. 
They placed themselTes in the ear, and boldly laonehed into the air, witfaont 
cvcu takmg the precantion, so violent waa the wind, of deteminfaig with a 
lialance the ascensional force of the aerostat. Their ascent was extremely 
rapid ; tlie spectators compared it to that of an arrow ; they very soon disap- 
peared in the cloadd» and it was above the curtain ^ hich thus shrouded them 
nom the view et man that the aHiring aeenea took place whieh remain to be 
described. 

The dilated balloon pressed with great force on the meehes of the netting, 
which was much too small. It expanded from above downwards; descended 
on the aeronauts, whose car was Huspended by cords which were too short, and 
covered them iu some sort like a hood. At this time the adventurers found 
ifaemselvea in a situation of the greatest diffienlty ; one of them, in Mb efibrts to 
disengage the cord of the valve, caused an opening in the inferior prolongation 
of the balloon ; the hydrogen gas, which escaped nearly on a level with their 
beads, almost sufiocated them» and caused excessive vomitings and momentary 
syncope. 

Consulting the barometer, they found that they were descending rapidly, 
mad, in aeeldng to aaoertain &e catiae of this unexpected movementt they dis- 
covered that the balloon waa torn in the region of its equator to the extent of 

nearly 2 meters. Th^ now perceived, but witli n composnre which nifrits 
admiration, that all the^ could hope was to escape with life. It is no little 
to say that the velocity of their descent was much greater than that of their 
aseent. They discharged all their remaining ballast, threw overboard even the 
coverings whicfa had been provided against the odd, indnding thdr fonrad 
boots, but parted with none of the inBtmments of researeh. 

They fell, at 11 lionrs 14 miTiTites, in a vineyard, the ground of which was for- 
tunately soft, in the commune of Dampmart, near Laguy. The laborers and 
vine-di'essers ruu to their help, and found the two aerouauts cliiigiug by the 
feet and bands to the stems of the vines, in order to eonnteract as nr as posai- 
ble the horisontal movement of the car. The most earnest assistance was 
rendered them. 

From a voyage performed under such conditions it is evident that ncionce 
could derive but a very small amount of informatiou iu comparison with what 
might have been expected ; yet it is our duty to sav that our two physicists 
established, by decisive experiments, that the light el donds is not polarized j 
^at the bed of clouds which they traversed was at least 3,000 meters in thiek- 
Cf^j^H, and that, notwithstanding the oxistonce of this cin-t:iiu between the earth 
and sky, the decrease of temperature was very nearly tho same with that 
verihed by Gay Lussac iu his celebrated voyage peribrmed in a perfectly 
doodles sky. From the borometried observatloiis compared with those mam 
at the Obsearvatoiy of Paris, it is dedndbk that, in the region where the 
balloon was torn, the hd(^t attained was 5,900 meters, and from a similar « 
computation that the upper BurfiMSe of the cloud passed through was at the 
height of 4.200 meters. 

The following numbers complete the details which I laid belore the Academy; 
At the moment of departoie the baronietsr of the Obsenratoiy, reduced to aero, 
marked 753 millimetecs, and the exterior theimometer 30^.3; the direction of 
the wind was west-southwest, and the sky was completely covered. At 10 hours 
29 minutes the voyagers penetrated into a cloud having the appearance of a 
dense mist, which deprived them of the sight of the earth. At 10 hours 47 
miuutes the barometer o£ the car, reduced to zero, marked 458.3 millimeters, and 
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the thermometer -h?^ ; *t the tame insteiit the baranetar of ite Ob m»ttto ry 
Indioted ajmtBOie of 753.17 mOlimeters, and the thermometer 19^*4. These 
nnmbers g-ive, by calculation, llio liciglit of 4,242 mntros above the mean level 
of the tir'n,an(l eoiTC^poiid with ilie moment at which thi; balloon emergetl from 
the upper part of the douda. The bed of cloudsi uow below the observers pre- 
Miited 1^ appeanmce of iMiiiillary 8weUiiigs» ailver white In eolcw, the light 
firomwhieh»ez«iiimed with the polariscopic telescope, yielded no trace of polaii- 
zation. Except a few clouds, which hijrc and there rose high above the balloon, 
the sky was of a pale and dull l)lue. At 10 hours 50 minutcB the barometer of 
the car indicated 373.4 millimetorp, and tlu; tliermomoter had sunk below zero. 
M. Banal was unable to make out the exact thermouietric decree ou account of 
a layer of hoar-frost depodted on the inBtrament, which he could not xemom 
The barometer was at tnis time in a state of osoQIation, the mean height of its 
changes being represented by the number just montioned. The balloon, which, 
notwithstanding the precit^e directions given, had been .so constructed at^ not 
to leave ^utHcient room i'or the development incident to the natural dilatation 
of the hydrogen,'*' had now sunk down upon the excursionists ; the Talve pio> 
▼ided for the escape of the gas was eksed; a rent had taken place in the upper 
part of the balloon, and MM. Barral and Blxio fell to the earth after hs^ii^ 
traversed 5.800 meters in from fi)ur to five minutes. 

They immediately commenced preparations for a new accent, which took 
place a month after that of which an accoimt has been given. They rose, aa 
Wove» from the garden ui the Obse r w rtoiy ; and I was a witneaa of this» as I 
had been ef their former ascension. I had taken part in all the detiberatioaB 
which regarded the scientific pmpos^ of the voyage. If the first out; had been 
rendered, by nnfavorablecircnmi?tancep, nlmofst entirely l^arren of results, beyond 
jrivinsT proof of the intrepidity of the two distini::nisbed explorer.'*, .and initiating 
them in the dangers of aji accent through an atmoi^phere agitated by winds and 
torbid with thick doods, it wonld be sofficient to read the journal of the second 
voyage to comprehend how fertile it was both in novelty and interest. The 
Aftiidemy of Sciences h.ivini^ judged it desirable that such a statement should 
be prepared as would enable those least familiar with these matters to appre- 
ciate th(^ importance of the contribution made by MM. Bai'ral and Bixio to 
meteorology, 1 yielded to the wishea of that learned body, and Bhali here 
reorodaoe, in nearly idostual terms, the accoimt of the voyage whidi I then 
suomitted : 

" The two scientific explorers having properly resolved to renew their enter- 
prise under more favorable circumstances, and being no longer under a neces- 
sity of evincing their coura^ or punctuality, could afford to await patiently 
the day and the moment. M. Regnanlt took diarge, with M. Barral, of the 
preparations* which is equivalent to sayine that the utmost ingennity and 
exactness presided over the constraetion and disposal of the instmments. No 
one, however, but an eye-witness, can appreciate the indefatigable zeal and 
devotedneas which my distinguished a>lleague exerted day and night in thia 
behalf. 

" ETerything was ready on Friday, Jdy 26. 1850, bnt the weather was 
adverse, fiatiuday monung, the afmospliere having eleared up, the filling of 

the balloon was begun. 1 he operation was tedious, and by the time it was 
finished, toward.s one or two o'clock, the sky was overclouded, mid a deluge 
of rain was falling. The rain finally ceased, but the sky remained entirely 
overcast; it wonkl have been only natural, uj^dcr these circumstances, to 



* The dlfficuiiy iil' managing the balloon before its ascent was the r^Moa why tbe lesgUi 
of the cords attach in the car was reduced. The wind WSS SO violsnt 190 wHiws conli 
•eaccely keep Uie baUooA fiom bei^ canied away. 
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renouuce the propoBed a^oensioii. I made, in the presence of the two aeronauts, 
tlie obBemtioii ituX it might he very uraM to know the deereMe of the atmos- 
pheric temperature with the height when a continuous sczeoi of clouds shuts 
from ua the view of the pky-* Now it HomotiiiK^s happens that the sky 
hecomca clear of a sudden ; in this case there must remain in the atmosphere 
traces more or less marked of the abnormal decrease of temperature of which 
the presence of the cloud liad been the eanee. The obaeiTations made in 
•erostatie asceniions, peifoimed during clear weather, are not completely 
applicable to this speoal ease. Besides, there are uumerous occasions when 
wo observe through openings in the clouds. When ]\IiM. Barral and Bixio 
arrived at the conclusion, from the^^e considerations and others wiiicli it would 
be Buperduous to mention, that their vi>yage might prove usei'ul, they placed 
tliaaaelra in the ear and laimehed into the air. 

*'AJl itio details of this aaeenaion are ecrupulously given in tiie Jonmal 
written at the time by the aeronauts, and the calculations were compared by 
M. Regnault with the indications of the sealed instruments carried in the expe- 
dition. I Bhall only advert here to the fact that at their greatest elevation onr 
explorers experienced no uneasiness or embarrassment in their respiration ; and 
that M. BixiOv who had snffered in his first voyage from acnte pain in the ears, 
guarded against that aniu^ance by simply counterfeiting from time to time 
the act of deglutition, by which tlie air within and without tlie orf^an waa 
maintained in a state of equal ])ressure. It may be added, that they encoun- 
tered a mass ot cloud of more than 5,000 meters in thickness, that they did not 
succeed ha rising entirely above it, but at the faeif^t of abont 7,000 meters 
(22,960 feet) were Ibiced to commence an involnntary descent, the effeet of a 
rent in the lower part of the balloon. They might, perhaps, by throwing out 
the last of their ballast, have prolon cod i]i'M*r stay at thc/height which they 
had reached, but circnmstRnces no longer permitting- them to pjather useful indi- 
cations for science, they thought best not to struggle against the downward 
tendency of the apparatus. 

" Let us speak now of the observations which they had an o^K>rtnnity of 
making. When they had attained their highest station in the immense bed of 
cloud, an opening took place in the vaporous mass which surrounded them, 
through which the blue sky was apparent. The polariscope, directed towards 
this region, showed an intense polarization; on the contrary, there was none at 
all, when ^e instrument was pointed aside beyond the opening. This should 
not be regarded as a repetition of the experiment made in the arst voyi^e, for 
then they observed the light reflected by the clouds, while now it was in die 
trsnsraitted light that they vcrihed the absence of all polarization. 

"An interesting optical phenomenon was exhibited during this ascension. 
Before attaimng the hi^iMt limit, the bed of elood whidi enveloped the bal- 
loon, having dunmishcia in duckness or become lees dense, the sun appeared 
weak and quite white i at the same time there appeared, below the horiaontal 
plane of the car, at an angular distance from that plane equal to the angle 
formed by the sun's height, a Becond sun similar to one which might have been 
reflected from a sheet of water situated at that elevation. It is natural to sup- 
pose, with our aeronauts, that the second sun was ibrmed by the refleetioa of , 
the luminous rays on the horiaontal faoes of crystals of ice floating in that 
vaporous atmosphere. 

"We now come to the most striking and wholly unexpected result furnished 
by the thermometrical observations. Gay Lussac, in his ascension in clear or 
rather slightly vaporous weather, had found a temperature of 9°.5 below zero 



*Tlie refractions at moderate heights depend on the law according to which this decrease 
IssAwted. 
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at the height of 7,016 meters. This was the minimum he observed. MM. 
Barral and Bixio enoonntered this same temperature in tbe dond at the height 
of about 6,000 awteis; but from ibis point, through aa extent of Bomo 600 
meters, the temperature varied in a manner the most extnoidixuuy, and beyond 
all anticipation. Lost the number wliich results from the observations should 
Btiike the reader with a feeling of incredulity, it is proper to say that proof 
of its exactness will be prompUy submitted. At the height of 7,049 meters, 
at some distaeee from the vpper limit of the cloud, IOC. Banal and Fizio 
eaw the centigrade thermometer deieend to 39 degfeaa below aero. It Is 80 
decrees lower than the number observed by Qaj LuMao at about the aame 
height, but when the weatlu r was cloar. 

I hapiten to prove that tlii^ surprising result is aflfectod by no error of observa- 
tion. The barometer fur determining the height was of course furnished with 
a thermometer intended to rive the tempentture of the mercury. This the^ 
mometer had been graduatcld to 37 degrees below zero. It was thought that 
these 37 degrees ought to suffirr for the greatest lieightsi to wliich it was sup- 

Sosed explorers could ac;cend. iiut the merrnry bad descended below this 37th 
egree, though it had not shrunk entirely within the reservoir. By an estimate 
which could hardly be inexact when maiae by such a physicist as M. Keguault, 
the mercury had aBseended 8 degrees below 37* The mennometer of the ba- 
Tomet 1 marked, therefore, 39 degrees. 

"M. Walferdin has invonti^rl very ingenimis self-regi?tering thermometers, 
which give the maxima and minima of temperature to which they have been 
exposed. The one for maxima is frequently used; it is desirable Uiat the 
second, windi Is less known, should be generally adopted by physidsts. It 
Is capable of being of great service to meteorolgy. The inrentor had seat 
one of his thermometers d minima with arbitrary divisions to our aeronauts, 
and this was enclosed in a case with numerous holes to permit the circula- 
tion of air. At the recjuest of the two aeronauts, n seal was applied, and this 
seal, which arrived untouched, was broken at the College of Francb iu the 
mesence of MM*. Begnanlt and WalCBrdin. Gareftil examination proved tbat 
thermometer had sunk to — 39°.7.* After these nreeise obser- 
vations it is scarcely necessary to °rty that the proof of an extraordinary depres- 
sion of temperature is to be found in the impossibility which the aeronauts 
experienced of reading the indications of several thermometers, the fluid of 
which had sank as low as the stopper of cork which supported them. £v^ 
ttttempt to lemoYe this obstruetbn was frustrated by the stiffming of the fingers 
with cold* This nearly instantaneous depression of the temperature in the 
cloudy mass is a discovery which intf rr^ts meteorology in the highest degree. 
What is the s])ecial constitution of a cloud which qualifies it, whether by radia- 
tion into space or from whatever other cause, to exhibit so prodigious a refrige- 
mHont It is a question which at this moment we ean do no mmfe llian pro- 
pound. Oaa this abnormal constitution phiy a part in the formatiott of haSf . 
is it, perchance, the cause of the considerable changes of temperature which 
are suddenly experifTiced at a given place ? The solution of these questions 
is reserved for the iidure, which does not, however, at all diminish the import* 
ance of the observation. 

** In the journal of lihe voyage the temperatures observed were rendered by 
ihennometers having an arbitrary graduation ; the aeronauts did not lamw what 
the numbers signified which they read and registered; the real temperatures 
were aftrrwnrdp drtcrmined by M. Reguault, and the heights calculated by M. 
Mathieu. We may thus rely with perfect confidence on the results. From 
these we deduce that the height attsined was 7,049 meters, taking into acoount 
the dimhmtion of weight at those great eievatfons and the Inflnenee of thehoor 
of the day on the baxomelrio measurement of he^hts; this is 33 meten higher 

a 
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than Gray Lussac had ascended. It is proper to observe that the formoias used 
in ealodiatmg beigbta proeeed upon thA liTpothesis of a nearly nnifbnn decreasQ 
of temperatnn^ and that, in this instance, a diange of elevation wbieh may be 

estimated at 600 meten, was attended by a variation of temperature of about 
30 degrees, whllo, in an nndonded atmosphere, the -variadoa would have been 

. bat from 1 to 5 degrees. * 



may expect from like expeditionB when ihey ehall be eoimded, as at that tbtte, 

to ii)ti( ]H<]. ( areful, exact, and candid obsemre." 
The tollowiDg id an extract from the jowiud kept by the two amconipliiibed 

physicists during the voyage : 

"The graduated instruments which we carried with us had been constructed ■ 
by M. Fastr^, under the durection of M. Begnaul|. The tables of graduation 
bad been prepared in the laboiatoiy of the Ck>Uoge of Fiance, and weie known 
only to the last mentioned-eavant. 

"The balloon is the pnraf* which served for our first ascension; it i? formed 
of two hemispheres of a radius of 4.8 millimeter, separated by -a cylinder 3.8 
millimeter in height, having for its base a great ckcle of the sphere. The total 
yolnme of the bdloon is 7S9 cnbie meters. A lower oiifiee» intended to give 
issue to iJie gas dniing its dilatatioOf is terminated by a cylindrical appendage of 
silk, 7 meters long, which is left open to permit the free escape of the gas dur- 
ing the period of ascent. The car is suspended at about 4 meters below the 
orifice of the appendage, eo that the balloon may float at the distance of 11 
meters from the car, and in no respect interfere with the obserratious. The 
instrmnents are fixed aronnd a large cast^n ring which is attadied to the 
osaal wooden eiicile for securing the eorda of the ear, and is of snch a fonn 
that the instruments may be within convenient distance of the observers. 

"It was onr intention to set out at about 10 o'cloclt a. m., and measures had 
been taken for commencing the inflation of the balloon, an operation with which 
MM. Yeron and Fontaine were charged, at 6 o'clock. Unfortunately, circum- 
alaaoes beyond oar control, and arising from the necessity of thoroughly wash- 
ing tiie gas in order to guard against its action npon the tisane of tuS balloon, 
occasionrrl rlnlny, and it v::i> 1 o'clock before the arrangements were completed. 
The sky, which iiad been quite clear till noon, became covered with clouds, 
and soon a deluge of rain was falling upon Paris. This continued until 3 o'clock. 
The day was then too hr adranM, and the condition of the atmosphere too 
unfavorable, for us to hope that we conld carry out the programme we had pro- 
posed. But the aerostat was ready, great expense had been incurred, and it 
was posHihle t!i;U observMtions in thi° troubled state of the atmosphere might 
lead to ut?ciui results. We decided, tlieretbre, to ascend. Our departure took 
place at 4 o'clock, bumu diiiiculty was occasioned by the narrowness of tho 
space which the garden of the observatozy afibrded for the OYolution of ascent. 
The baUocn, as has been seen, was at aconsiderable distance from the ear, aadt 
swept forward by the wind, got tlie start of the frail skiff in which we were 
embarked, so that it w.-is <wttJy through a series of oscillations, sufficiently 
divergent on either side from a vertical line, that we attained a state of tranquil 
suspension from the aerostat. We came in contact with trees and a pole, by 
which one of the boroneten and the theaDometv with a blackened soiihoe 
were broken, and iheae w«ie left behind. We shall here transcribe the notes 
taken during our ascension. 

4^ 3'". Departure. — The balloon ascends at first slowly, takiii;^ a direction 
towards the east. The movement of ascension becomes more rapid after the 
dis^arge of some kilograms of ballast The sky is completely covered with 
cloiid% and we presentlj find omeselves fai a li|^ mist. 
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HoniB. 


Barometer. 


ThermoiDflfter. 


Heigbt. 


4*» 6« C« 


MiUim(tfr$. 
055.57 




757 
999 
J, 244 
1,483 






-1-13.0 






"Above us there extend8 an uninterrupted bed of clouds ; below we prrcoire 
here and there detached cioads which appear to float over Paria. The wind is 

fresh. 


Honrs. 


Buromcter. 


Thermomettr. 


Height. 




597.73 
668,70 
468.20 


4.9°.o 


2,013 
2,567 
3,761 


4 15 




.5 





" The cloud wliicb we enter presents the appeaiance of an ordinaiy dense 
fog. The earth is no longer diecemihle. 



Bsvomoter* 


ThemMioMter. 


Heiglik. 


405.41 


—70.0 


5,1S1 metert. 



"A few Bolar zays become perceptible throngli the clouds. 

"The barometer oscillates from 366.99 milltmeterB to 386.42 millimeters; the 
thermometer marks — 9°.0; calcnhition gives from 5,911 to 6,492 as the hel^t 
reached at this point of time. 

'* Tbo balloon is entirely inflated. The appendage, compressed till now by 
the external atmosphere, is at present distoided, and the gaa escapes by its 
lower orifice under the form of a whitish trail ; we perceiye its odor very dis* 
tinctly. We discover in the balloon, at the distance of about 1.5 millimeter from 
the insertion of appendage, a rent, which affords issue to a p^ronter amount of 
gas, without dimiuishing, however, in any important degree, the ascensional 
tWce of the aerostat. 

*'An opening in the elond enables As vaguely to peroe&Ve the positbn of the 
sun. 

"The balloon resnmes its aseendant movement after a new disehaige of 

ballast. 

«»4h 2501. — Oscillations of the barometer between 347.75 millimeters and 
867.04 nuUuneters indicate a newstatkm the balloon ; the thermometer varies 



* All the barometric heif^hts taken have been reduced to the temperature of 0° by calenla.- 
tion. By means of the barometric and thermometric observations, luado ut the obson atory 
and in the car, the heights of nineteen stations above the observatory and abo^ e the sea were 
calculated, increasing them by (jo meters. But the three heights, G,512, 7,049, and 6,7ti5 
meters, where the temperature hud sunk to — 35°, — 36°, and — 39°, were obtained by cal- 
culating, not from the observatury, but from tim mtennediate station of 5,902 meters, wbere 
the temperature wns — 9°.8, and the pressure 307.04 millimeters. There results 7,UU4 for the 
highest station. But it is still necessary to add a conection of 12 meters, doe to the height {hMJi 
Bikers) of the inferior station of eompsHsoOf and 33 melen <m accmwt of ibe iafimgoee of the 
hinir of Um day, as was justly remarked by H. Bnvais, which makes hi aU 7,049 meten. 
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meters. 

" The fog, nadi iaea deiifQ» ponnUB o«r eeelng a white aad feeble Image of 

.the sun. 

"A renewed discharge of bulla&t occatiiouB a new aBceusiou of the balloon, 
which ftttaiiw a new stationary potiyon, indieated hy renewed oieiUatioiie of the ' 

biSDmeter. We are covered with small particlet^ of ice, in the shape of ex- 
trpmely fino nf od](\'i, which accumulntc in the folds of our clothin;:^. While the 
barometric Of^cillation is do?cending, find the movement of the balloon is conse- 
Cj^ueutly aaceiitiional, these particles iaii upon our open note-book in such quan- 
tity as to prodnee a sort of cropitation. Nothing similiir is obsenred while the 
haxometer is rising and the ballooiif of course, descending. 

"The liorlxontid glass themometer indicates— 4*^.69; the silver-plated ther- • 
mometer —8 .95. 

** We distmctlj see the disc of the sun through the frozen mist ; but at the 
same time, in the same fertical plane, we pereeire a seeond image of the sun, 
almost as intense as the former. The two images appear sjmmetrically dis- 
posed above and below the horizontal plane of the car, each making with this 
plane an angle of about thirtj degrees. This phenomenon is apparent for more < 
than ten miauLes. 

The temperature lowers rapidly. We prepare to make a complete series 
of obaervations on the thermometers of radiation and those of the psjchrametw* 

but the mercurial columns arr; In Iden by the stoppers, inasmuch as no such 
rapid fall in the temperature had been anticipated. The thermometer with eon- 
centric envelopes of tin gives —23'^.79. 

"We open a cage in which two pigeons are confined, but they refuse to 
aseape. we cast them oflP into space* when, spreading tbelr wings and whee!- 
ing in large eireles, thoy sink downwards and ^are soon lost to sight in the mist 
whicli pnrrnnnd^ ti<«. We cannot porceiTe the anchor which is suspended below, 
atth<' cud of a cord 50 meters Icinir. 

«*4'^ — We diiicharge boiiaaL and rise still higher. The clouds separate 
above, and we see in the sky a space of bright aanre blue« similar to that seen 
on earth in dear weather. The polazisoope indicates no polarization, in any 
directioD, on the clouds immediately around or r^note ftom US, T)ie bl06 <» 
the sky, on the contrary, is .strongly polarized. 

*' The oscillations of the barometer indicating that we have ceased to adceud, 
we throw out ballast, and obtain a new ascensional movement 
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<»Oor fingers are stiffened with cold, but we experience no pain in the ears* 
nor is respiration at all embarraflsed. The sky is covered a-new with clondf, 
but the snn, though veiled, is stilldBeen. as well as its image. We think it would 
be iuteresting to tindif the cold will still increase on ascending yet higlier. We 
throw out batlast, whieh determines a farther aseension. 

*»4* 60™. — The barometer marks 316.02 millimeters. The extremity of the 
column of the thermometer of the barometer is lower by about two degrees than 
the larft division marked on the inntrument. This division is —37° ; the tem- 
perature, therefore, was about — 39^; the height, consec^ueutly, which we had 
attained is 7,089 meters. 

<*The barometer oscillates from 31&02 millfineters to 31^6.20 ; hence the bal- 
loon ^?y*fli*t«» fyom 7,039 to 6,798 malen. There are only four kilograms of 
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ballast remafafaigt which we jodge it prodwit to keep for the dcioeafc Berides, 

it is useless to try to mount higher with instruments which havr hpcorae mnte; the 
me rcury is congealed. Wc could, at most, only strive to maintain ourselves for 
some time at the same height, but, although the appendage is raised to prevent 
the eaeape gaa by ila orifiee, the balloon begins to deioend. We proceed to 
secure portions of the aii^ and, ihoogh the tube of one of thu rec^tades Is 
broken in attempting to turn the stop-cock, the other is filled without accident. 
But the cold paralyzes all our efforts; observations have become impossible; 
our lingers are disqualified for every operation. We resign ourselves to a 
descent. 
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The thermometer with a glass snrfeoe marks H~2''*50 ; that with • silvered 

surface 4-1° 91. 

«5h jgm^ — ^xhe barometer oscillates from 696.5 millimeters to 618.0 millime- 
ten, beeanse we throw over onr ballast* and this anests our descent ; the teoi' 
peratare is l'\S ; the hdght Taries from 1,973 to 1,707 meters. 

"The ascillatious are prolonged by the discharge of the last portions of onr 
ballast. Wc are now only occupied with moderating the descent by sacrificing 
ail that we have at our disposal, except the instruments, and we place the 
thermometers in their eases. 

" 5^ 30'°.— We touch the earth at the hamlet of Penx, a commune of Saint 
Denis les Kebris, arrondissement of Coulommiers, (Seine et Marne,) at some 

Saces from the residence of M. Bmlfert, mayor of the conrnmne, 70 kilometea 
istant from Paris. 

**We had the good fortone to break no instrument in our descent The 
Tillage alforded bnt a sing^ Tehiele to eanj us to the Strasbomg taHroad, 18 
kilonkters distant, and tl:^ transfer waH rendered troublesome by a violent stoim 

of wind and rain; the horse fell, breaking two of the instruments, which tre 
greatly desired to carry saie to Paris, namely, the balloon for air, and the instru- 
ment iudicatiug the minimum of barometric pressure. Fortunately the miuimam 
thermometer of H. Walferdin, with his seal, was oonveyed intaet to the Ooll^ 
of France. Here the seal was removed by MM. Begiumit and Walferdin, and 
the minimum of temperature determined, by direct experiment, wr^s found to be 
— 39 \G7, consequently very little diflerent from the lowest temperature observ^ ' 
by ourselves on the thermometer of the barometer." 

In rendering my report to the iueademy of Seienees, I renudked that Uie ftel 
of the presence of a cloud composed of small particles of ice having a tempe^ 
ature of about — 40^ in mid-summer, at a height of from G,000 to 7,000 meters 
a,bove the saihfs& of Eoiopo, is the groatest disooveiy which meteoiok^ has 
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for a Iqnr time raeoided. This diseoreiy explcins how thMe icy particles may 

become the nucleus of hailstonca of considerable volume, for we readily ooill« 
prehend how they may condense around tlipm and solidify tlie aqueous vapors 
contained iu the atmospheric strata in whicii tiiey float ; it likewiBe demou8trate8 
the truth of the hypothesis of Mariotte, who attributed the existence of halos, 
parhelia* and paraselenee, to crystals of iee siUDended in the air. In finOp the 
preeeace of a widely-extended doad of gi-eat colaness very well acooonts for the 
Fiidden changes of temperature which so often and u n ox pp ct(»dly affect our 
climates. MM. Barral and Bixio, in discussing the ractc r'jlitjiical observations 
made in Euiope at tlie time, including the day preceding and ihc day follow lug 
their memorable ascension, were enabled to establh»h the oceazrente ^ sadden 
end general accessions of cold, which bore nndonbtedlT a direct relation to Ihe 
arrival of the intensely frigorific masses of vapor which were then propagating^ 
themselves irom the northeast to the southwest. 

▼I^YOlTAeBS OF /OSN WSLaH. 

In Jnly, 1852, the committee of directors of the observatory of Kew, near 
London, resolved on the exeention of a series of aei*onautic ascensions with a 

view to the investigation of the meteorological and physical phenomena which 
develop themselves iu the most elevated regions of the terrestrial atmosphere. 
This resolution was approved by the council of the British Association for the 
Adyancemmt of Science". Instmments were immediately prepared, consisting 
of a barometer of Gay Lussac, dry and wet thiurmometers, an aspirator, a con- 
densing hygrometer of Begnault, a hygrometer of Daniell, a polariscope and 
or1a«-4 tubes to collect the air. The balloon made use of was that of M. Green, 
who constantly accompanied M. John Welsh, to whom the observations were 
intrusted ; illuminating gas was employed for inflation. Four ascensions took 
plaoe> Anffust 17 and 26t October 21, November 10* 1852. In the first two 
Toyagee M . Xicklin also accompanied M. Welsh. The place of depaztnre was 
the garden of Vauxliall. 

In the first ascension, August 17, the expeditionists set forth at 49 minutes 
after three in the evening, and again touched the earth at 20 minutes after hve, 
23 leagues north of London. They reached the height of 5,947 meters. The 
.lowest pressure they obtained Nva^ 364.5 millimeters, and the minimum tem- 
perature —13°. 2. On the earth the barometer indicated 756.1 millimeters, and 
the thermometer +21°.8. A cloud covered the horizon, its inferior limit was 
reached at about 762 meters, and its superior hmit at 3,9G3 meters. The bal- 
loon then penetrated into pure air» but at a great distance above there spread a 
dense cloudy mass. Snow, consisting of statwBhaped £akes» Ml ficom time to 
time on the balloon. 

The second ascension, August 26, commenced at 4 hours 43 minutes in tlie 
cvemng, and terminated at 7 hours minutes; the descent took place 10 
leagues WJI W. of London. The balloon rose to a height of 6,096 meters, and 
the lowest tempeiatuie observed was — 1(K>.3. On the earth the pressure was 
760.9 millimeters, and the temperature -f-19.1. A few clouds were suspended 
in the atmosphere at a height of about 900 meters ; above, the sky was dear 
and of a bright blue. 

The third asc^ision took place October 21, at 2 hours 45 minutes ; the Toy- 
agers descended at 4 hours 20 minutes, about 12 leagues to the east of London. 
They asceaded only to a height of 3,853 meters ; the least pressure observed 
was 475.5 millimeters, the lowest temperature — S'^.S. On the earth the ba- 
rometer marked 759.2 millimeters, the thermometer +14°.2, Between 254 and 
853 meters, the balloon encountered detached and irregular douds ; at about 
915 meters it entered a continuous bed of cloud, whose upper snrfiice terminated 
at 1,093 meters. On its emergence £rom the cloud the balloon projected on its 
onarly level ezpanaa a shadow snnuonded with binges. The light, diacwdy 
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reflected bj the tkndp mmm^ witli tlu po1ariteope» proecirtod no tnee of 

polarization. 

The greaii r^t lioj^ht at which M. Welsli arrived was attained in his fttuvth 
voyage, periormed the 10th of November. The ascent took place at 2 hours 
91 minatefl, and the deeeent, near Folkstone* S3 leagues E.S£. of London, at 
3 houxB 45 minutes. Th# height reached vas 6,989 mcten ; minimum tern- 
prratnre ob5(-rv(?d — 23°.6 ; miitimnm pressure 310.9 millimeters. On the earth 
the barometer indicated 761.1 millimeters, and the thermometer -f 9*^.6. A 
first cloud was encountered at 204 meters, whose upper surface reached a height 
of 600 meten. There ooenived neit a apaee of 6S0 mefcera, free from all aeniible 
vapor ; hut, at a h«ght of 1,220 meters, a new doad was met with, whieb ter- 
minated at 4,494 meters. Beyond this these were only n few ciiri at a very 
great height. 

We see that the English aeronauts only once approached, though without 
attaining, the height of 7,000 meters, reached by Gay Lussac, and by Barral 
and Bixio. The very low temperatore of — £3*.6» obeerred by Welsh hi his 
last ascension, would certainly have appeared extraordinary if our countrymen, 
in their expedition of July 27, 1R50, had not encountered a cloud having a 
much lower temperature. The air collecled by Mr. Welsh was analyzed by 
M. Miller, who found its composition the same with that of normal uir. The 
hygrometrieal observatuma which Mr. Welsh made with care, and in great nimi« 
her» by help of the p.^ychrameter and hygrometer of M. Begnault, did not indi* 
cate any considerable dryiiep?^. 0" <he contrary, even in the higheet rcgioni* 
the relative atmospheric humidity approached satanaion. 

Tn.— THB ORBATBST BBI0HT8 HBACBBD, AND THB TBMPBRATUBBS OBSBBTBn, 
IN THB UPPBB BBOI0N8 OF THB ATMOSFBBRB. 

It is worthy of remark that, to the present time, man han not asccndod into the 
atmosphere as high as the aerial stratum which surrounds the lufikst mountain 
summits of the Old and New World. Xintschindinga and Aconcagua, the former 
8,^92, the latter 7,291 meters high, iu the ascent of mountains, barely 6,000 
meters may be assigned as the height to whidi human effinrt haa attained. In 
June, 1802, my illustrious friend, Alexander Humboldt, accompanied bylC. 
Bonpland, ascended Chimborazo to the altitude of 5,878 meters. In December, 
1831, another of my friends, M. Boussing^anlt, accompanied hy Colonel liall, 
climbed the same mountain to the height of 6,004 meters above the level of ths 
sea. If we add to these two celebrated excursions the aeronautic voyages of 
Lhoeet and Boberteon, July 18, 1803; of Gay Lnssac September 16, 1804;. 
of MM. Barral and Bizio, July 27, 1850 ; of M. Welsh, Augost 26 and Jso- 
vembcr 10, ]sr> >. wo have the sum of all the enterprises in which man has 
succeeded in maintaining his position for a few instants in the strata of air 
situated from 6,000 to 7,000 meters above the mean level of the seas. The 
following table iccapitnlatea the thermoBUtric and harometrie obaenratioiii 
made under these rare circnmstaneea : 







Oreatost 
beighU 
•ttatafld. 


Lowpflt hnrometrlc 
pretihurtH obiierved. 
(BedBoadt«0>.) 


teuperatorei 


6ou8singault and Colonel Hall.. 

Barral and I Jixio 

Welsh 

* 


Jane 24, 1802 

.Tnly Tf», JP03 
8&pc. Id, ]H04 
Dec. 16, 1831 
.Tuly 27, 1850 
Aug. 1852 

Nov. 10, lew 


MeusTM. 

6,831 
7, 016 
6,004 

7,040 

6,OiM3 
6,089 


Millimetera. 
376.7 
336.0 

328. H 
371. 1 

;^ !.-).() 

371.1 
310.9 


Dtgrtes. 

— 1.6 

— 6.9 

— 9.5 
+ 7.-i 
—39.7 
—10.3 
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, ThMe flgares certainly demonstrate that, in high atmospheric regions, the ther- 

mometric variations arc not less cnnsidcrable than on the surface of the earth, and 
that, in any case, if there be a stratum of constant temperature in the terrestrial 
atmosphere, the fact of ita existence is only admissible as regards an elevation 
probably much greater than maj yet reached. Is it practicable to transcend 
this limitary height of 7,000 meters, by which all aecevions hitherto tmdertakea 
have been bounded ? There is but one consideration which can make us hesi- 
tate to anf?wer affirmatively; We know not if mnn'i=! physical constitution could 
adapt itself to a pressure much ligiiter ihau that uf 311 millimetera, about two- 
fiftha of the mean pressure observed on the sea-shore. 



AN AOOOUNT OF BALLOON ASCENSIONS. 



BY MR. JAMBS GLAISHBB. 



[fVwR (fte LomtoK AthMomm^ (ktober, 1864. ^ 

The committee on balloon experiment.-* Ava.s a|»y»(»iut('d last year for the fol- 
lowing purposes: To examine the electrical cuuditiuii of the air at dili'erent 
httghts ; to yenfy the law of die deoreaae of temperature? and to compare the 
eoBBtants in difomt stipes of the atmor^pherc With respect to the firat of 
these oLjects no progress had been made, with the oxcrptioii of preparing an in- 
Rtrumeut and apparatus for the iiivebtigation. At the requcBt of the committee Mr. 
Fleming Jenkin undertook the construction of the best instrument for the purpose, 
and one waa finished towards the end of 1863, hot ft waa eonatrocted toheoaed 
withfire. It has since had to bo adapted for water, acomstant flow of whichisneoem * 
sary in electrical cxpcrimeiit.s iu balloouf!. Thii< apparatus Mr. Glaisher was re- 
quested by tho committee not to use, as they felt that these instrtiment^, if exert- 
ing no intlueuce while the balloon was rising, mi^ht, when it waa tialling, throw 
eoneiderahle doabt on the eKperimenta rdating to BUBoidity . With respect to tiM 
Hccoud of theee ob|ects» the Terifyiog the law of the dc e roa o e of tempcratore in 
difiPerent states of the atmosphere, the committee considered would be best at- 
tained by taking a.^ ninny objtervations as jiosriihlo at times in the year, and nt 
times in the day, at which no experiments had been made, for the purpoj?e of 
deteimining whether the lawe which hold good at noon apply enually well at 
all other times of tlie day. The committee have always pressed tua import^ce 
of magnetic observations in the higher regions of the air — the Astronomer Royal 
sn^flresitinpr the tiBe of a horizontal magnet, and tfikiMS" ihf limes of its vibration 
at difl'erent elevations, a method which is seldom practicable, owing to the al- 
most constant revolution of the ballo<m. To obviate this, Br. Lloyd suggested 
the use of a dipping-needle, placed horizontally when on the ground, by means 
of a magnet above it, so that, v. lu n in the balioon, the deviation from horizon- 
tality mip:ht be noticed, and which deviation would be independent of rotary 
motion of the balloon. The latter method has not yet been tried, Dr. Lloyd 
wishiug some experiments to be made before the instrument was constructed. 
At NewaaBite a rery genetal wiah being expresaed that rery high aseenta 
should not again be attempted, none above five miles had nince been made. Ifr. 
Glaii^her then pive nn nrmunt of the a^Jc^Mits made by him dnri!;!!;- ilic past year. 
The first wa.s from Newcastle, on the3i«t of August. The balloon left the earth 
at oh. iiiu. p. m., with a north wind, and descended at five miuutes patit 7, at 
PStthigtaii* nmt IhidiaiD. The d e c roaoe of tempexalitfa witfahi the fitat 800 



Digitized by Google 



» 



350 ABBOErAimo votaaecl 

feet of the earth in this ascent wns very remarkable, no snch rapid decrease 
having heen found in any other ascents. On the ground the temperature was 
64*^, and by the time 200 feet had been attained, a decieaee of 8 degrees had 
taken place, the temperature being 56*'. From ihia height to 1,200 feet there 
was but little change, and abovetliis the temperature decreased from 2° to 3^° in 
each succeeding 1,000 feet up to 7,000 feet, when the balloon entered a relatively 
warmer current of air. The second ascent, on the 29th of September, 1863, was 
from Wolverhampton, The gas on this occasion had been prepared in J uly 
expressly for a high aaceQt intended to baVe taken place before m Newcastle 
meeting, but circumstances prevented this being made, and the gas was oblig- 
ingly stored in the gasometer by the directors of the gas-works. The Vi.illoon 
left at 7h, 43m. a. m., wind ftW. At 8,200 feet there were two layera ot cloudri 
below the balloon and very dense clouds above. When at 11,000 lieet the clouds 
were still a mile higher; there was a sea of bine-tinged dond below, and peeps 
of the earth was seen through the breaks. At 13,000 feet high clouds were 
still above ; but after this they began to dissipate, and at 9h. 38m., at 14,000 
feet, the buu t^lioiic brightly. Ten niimites afterwards the travellers cliscovered 
the Wash at a distance of only ten miles, and were compelled to descend. A 
sonihwest gale was blowing, and so strong was the wind that on the grapnels 
taking the ground near Sleaferd, at lOh. 30m., the balloon was rent from top to 
bottom. In this ascmt w iTin currents were met with at 8,000 and 13,500 feet. 
In the descent a warm current was passed throuuli, (x ten ding from 14,000 to 
,9,000 feet. Temperature at the ground on leaving 4b ; at time of descent 63^. 
On passing out or the mist at 3,000 feet the iinmidity declined to S8^ at 8,000 
feet. Here there were dense clouds above and below. At 9,000 feet the hu- 
midity was 71^, and then the air became suddenly dry. The third n?peTit was 
made from the Crystal Palace, at 4h. 29m. p.m., on the 9th of October, in sev- 
enteen minutes it was 7,300 feet high, and directly over Loudon Bridge, and all 
the vast number of bnfldmgs, oompiisins the whole of Lcmdon, oonM be clearly 
seen. There were neither warm nor oold currents met with on diis day. The 
secretary of state for war having granted perminsion to the committee to avail them- 
selvesof the facilities afforded in the Royal Arsenal, at Woolwich, the ascent of the 
12th of January was made f rom thence. It was intended to have been made on the 
Slst of December previous, and ficom time to time €he balloon had been jpartiaDy in- 
flated. It left at 2h. 7m. p. m., and in 14 minutes had crossed the Tilbnrj rail- 
way, and was over Ilainanlt forest. At 3li. 31m. the height of 12,000 feet was 
attained, when the balloon began to descend, and touched the <!;round at 4h. 10m. 
at Lakenheath. On the earth the wind was S£. At 1,300 ieet a strong SW. 
eurrent was entered, hi which the balloon eontinned np to 4,000 feet, "whea the 
wind changed to S. At 8,000 feet the whid changed to S.SW., and afterwarda 
to S.SE. At 11,000 feet fine granular snow was met with, and the balloon 
passed through mow on descending till within 8,000 feet of the earth. Clouds * 
were entered at 7,000 feet, which merged at about 6,000 feet into mist. This 
ascent is the only one ever made in January for scientific purposes. The fifth 
ascent was designed to have been made as near the 21st of March as possible, 
but through adverse weather ^as deferred to the 6th of April. The balloon 
left Woolwich at 4h. 7m. p. m., with a SE. wind, ascending evenly at the rate 
of 1,000 feet in about three minutes, till 11,000 feet was attained at 4h. 37m. 
It descended into Wilderness Park, near Sevenoaks, in Kent. Its course was 
most remarkable, having passed over the Thames into Essex. The balloon, un- 
known to the aeronauts, most have repassed Uie river and moved in a directly 
opposite direction, nnd so continued till it approached the earth, when it again 
moved in the same direction as at tirst. The ascent i.s remarkable for the small 
decrease in temperature with increase of elevation. The air, at the period of 
Starting, was 45^^, and did not deeline at aU till after reaelting 300 raet» after 
which it decreased grsdmllj to 33^ at 4,300. A warm eoixent was Ihciia eik- 
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tered, and the temperature increased till 7,500 feet was attained, when 40** 
were attained, being the same as had htvu experienced at 1,500 feet. It 
then decreased to 34^ at 8^800 feet, and theii ineteaaed dowlr to 37® at 
11,000 feet, a temperatue whieh had been expezienced at the heights of 8»500, 
6,500, and 3,000 feet in ascending. After the great injury to the balloon on the 
29th of iSi ptcmber, in addition to the repa'r^ it had previously undergone, Mr. 
Goxwell did not consider it, after the additional rough usage in the last two 
"royagee, safe far eitreme high aBoents* and determined to build a new 009, 
vmch he did, capable of eomtalniDg 10,000 enbic feet more gas than the old one, 
so that, if need be, two observers could apccnd together to the height of five 
miles. A new balloon, however, needs trying in low ascents until it proves 
gas-tight before it can be used for great elevations; and, on June 13, it was 
tiiaefece started on a small ascoit from the Crystal Palacer at 7 o'clock— the 
iky doodlesB, and the air pecfectly clear, except m the direction of London. An 
elevation of 1,000 feet was reached in 1 J minute, 3,000 feet at 7h. 8m., when 
the balloon descended to 2,300 feet, and then rea^cended to 3,400, when, after 
a slight dip, it again ascended to 3,550 feet, the highest point by 7h. 28m., and 
then, after some osdOations, began ito downward course at 7h. 50m. from 2,800 
feet> reaching the nonnd at Eaat Homdon, five miles ftom Bientwood* at Bh, 
14anj— 'the Temarkable feature in this voyage being that, below 1,800 feet ele- 
■ration, there was scarcely any change of temperature until the earth was readied. 
This fact of no change in the temperature of the air at the time of sunset was 
very remarkable, for it indicated that, if such be a law, the law of decrease of 
temperatne with increase of elevation may be reversed at night for some dis* 
tanee from the earth. June 80, the balloon left Derby at 17 minutes past 6 
p. m., and descended near Newark. June 27, the balloon ascended from the 
Crystal Palace at 6h. S'S^m. — the sky cloudy, wind west. The descent waa 
made on E.omney Marsh, 5 miles from tho shore. These several trial trips of 
the new hsUoon were made, and it was gradaally becoming gas-tight, whoi its 
IsmentaUe destruction at Leicester took plaee. The mayor of that town has 
recently presided over a meeting for the purpose of collecting subscriptions to 
assist Mr. Coxweli to rebuild a new balloon ; and we concur in Mr. Glaisher's 
wish that the town of Leicester and the i oresters' Society will soon remove the 
stvmn resting npon them. Ur, Ooxwdl, sinee then, has had reeonrae to the 
old balloon, which he had repaired as beet he could, and the next and last as> 
cent of which Mr. Glaisher had to speak was made with it, on August 29, from 
the Crystal Palace, £rt 4h. 6m. The difference between the temperatures of 
the air and those of the dew-point in this ascent was rather remarkable. The 
most important point in the past ysir's eipe rim ents are that, thongh the 
knr of deoieaso of te m pe wtu re under ordinary dremnstances in the summer 
months is pretty well determined, we cannot say such a law holds good through- 
out the year; nor can we say that the laws which are in force during the day 
will be in force at night. In eanying out these experiments Mr. Glaisher said 
he had freely given up all his klsiire, and that Mr. Ooxwell had done the same 
in a most nnseifish manner. Indeed, had it not been for the generous spiiit in 
whieh Mr. Goxwell had entered into these experiments, they never contd h$m 
been made» ezeept at anmkiple cf the oost that had been inconed* 
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AN ACCOUNT 
09 

IH£ ABOftlGINAL INHABITANTS 

OP 

THE CALIPOENIAN PENINSULA, 

JACOB BAEOBRT, A OKRiViAN JESi rT MI.S8IO\ Al? Y, WHO LIVED THERE SBTBNTBBM 
Y£ABS DURING THB SECOND HALF UP THK LAST CBNTUBY. * 



nUnUTKD AJR> AUUVttKD fOA tBl MMmaOKUM limTOTUW BT CKASIW ftAV» W «»W y O Xtm. 



IKlUiOD UCTION. 

When, in 1767, by a docree of Charles ITI, all members of tbe order of the 
Jp^nitH! were banished from Spain and the trausatlautic provinces subject to that 
realm, those Je»uitd who supermleuded the nusbiuuB eutablitihed by the Spauiards 
Bince 1697 in Lower Gallfoniia wen oompeUed to lesvetlidv Imdinieoimrteiad 
to tranf^fer their spiritual s^thoffi^ to a number of friars of tibe FrKnteueaii order. 
One of the banished Jesnits, a Oerman, ■vvho had spent seventeen years in the 
Oalifornian peninsula, published, after his return to his native country, ^ book 
which cQutaius a description of that remote part of the American continezUf and 
gives also quite a detailed acoomtt of He abori^nal infaaUtiiiite, wiUi wlunn ihe 
author haa become thoroughly aeqnainted during the many yeans deivoled ta 
their conversion to Christianity. This book, wiiich is now very scarce in 
Germany, and, of course, still more so in this country, hearts th(? title : AccawU 
of the ATizencan Fenimula of California; toith a twofold Appendix of FaUe 
Report*, Wriitm by a Prleat of tke Society of Jesus, who iweA there many 
yeoarspast* PMMed vntk the Fermimon ^ my 8tipenmrM, Mmmkiim, 1778,* 

Modesty, or perhaps other motives, indaoed ti^e author to remain anonyiiloiBI» 
but with little success ; for his name, which was Jacob Bacfri'rt, is aometkMS 
met with in old catalogues, in connexion with the title of hiis book. That his 
home was on the Upper Rhine he states himself in the text, but further par- 
ticulars relatiTe to tUs private alfidn, bdbie or after his nunionary laben ia 
California, have not come to my knowledge. He does not even mention over 
which of the fifteen missions existing at his time on tlie peninsula be presided, 
but merely says that he had lived in California under the twenty-tittii dc<:!7ee, 
and twelve leagues distant I'rom the Pacific coast, opposite the little bay of St. 
Magdalen. On the nap aoeompanying hia work there axe two ndaBionaiiy sta- 
tiona marked under lihat latitaae-HJie misBion <Mf St. Aloyaina and lliat of the 



* Nacbrichton ron der Amertkaniscben Halbinsel Call forn leu: mit einem zAvpyffH-hen 
Anhang Falscher Nachriditeu. Gescliriebeu voa eiuem Prie^iter der Gosellsckait J can, 
welcher langMnndtoiaktalmaahr geietet haL Hit Edaobmiis dor Obm. Mm- 
heUn,* 1773. 
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BoTtti Dolors, (Septem Dolorum,) ot which the first nam^ evidently was his 
plaee of roBidenoe. 

The work in question constitutes a small octavo volume of 358 pages, and is 
divided into tlirco parts. The first division (of which I will give a short 
synopsis in thi^ iutrodnction) treats of the topograpliy, physical geogr-ipliy, 
geology, and natural history ot the peninsula; the second part gives an account 
of the Mal^iUmttt md the third einbraees a short but interestixig history of iha 
missioiiB ia Lower GaUfomia. In the appendices to the work the author reftttes . 
certain exaggerated reports t^t had been published concerning the Califomian 
penin-^nla, and ho is particularly very severe upon Vmcgas* *' Noticia dc la 
California," (Madrid, 1757, 3 vols.,) a work which is also translated into the 
English, French, and German languages. He accuses the Spanish author of 
having givoi by far too fkvorable* aiid» hi many instanoes, utterly &Ige 
accounts <^ the coimtiy, its productions and inhabitants* which is r^th^ a 
noticeable circnmptance, Fince Vencgas is eoosidered as an aathoci^ in mattOlS 
relating to the ctlinoliMjy of California. 

While reading the work of the Geruiau missionary, I was struck with the 
•mount of ethnological information contained m it, especially fn Ae second 
part, which is exdnsiTely devoted to the aboriginal inhabitants, as stated 
Defore ; and upon convfrf^i^To^ on the subject with some friends, members of the 
American Kthnological Society, they advi.^cd me to translate for publicatiou if 
not the whole book, at least, that part of it which relates to the native popular* 
tion* of which we know, comparatively, perhaps less than d bsbj other ncntion 
oif the indigenous race of North America. As there is a growing taste for th(» 
study of ethnology manifctited in this country, and, consequently, a tendency 
prevailing to collect all materiald illustrating the former condition of the Ameri- 
can aborigines in difierent parts of the continent, I complied with the request 
cf my firiendsi and devoted my hoora of leisure to the propaiation of this little 
work, supposing that the aoconnt of a man who lived among those Califomiaos 
a century ago, when their origin il state had been but little changed by inter- 
con}>^e with Europeans, might be an acceptable addition to oar stock 
ethnological knowledge. 

I have to state, however, that the following pages are not a translation in 
ihe strict sense of the word, bnt a reprodnction of the work onU* as ftr as it 
refers to ethnologicsl lAatters. The leasons which indnoed me thus to deviate 
from the usual course of a translator are obvious ; for even that portion of the 
text which treatrf of tin; native race contains many things that are not in the 
least couuected with clhuolcgy, the good father being somewhat garrulous and 
latlier fond of moralizing and enlarging upon religions matton, as might he 
expected from one of his calling ; and, although be places the natives of the 
peninsula exceedingly low in the senile of hniriaii development, he takes, ncver- 
thelcf??, occasion to draw comparisons between their barharic simplicity aud the 
over-reliucd habits of the Europeans, much in the manner. of Tacitus, who seizes 
upon every opportnnity to rehnke the Inzniy and extrayagance of his country- 
men, while ho describes the rude sylvan life of the ancient inhabitants of Cxeas 
many. My ohject being simply to rescue from oblivion a number of facta 
relating to a portion of the American race, I lia ve omitted all supei lluoupi com- 
mentaries indulged in by the author, and, in order to brii:^ kindred subjects 
under common heads* I hare now and then nsed some freedom in the anraugc- 
ment d the matter, which is not always properly liuked in the originaL 
Although the second part of the book has chiefly furnished the material for • 
this reproduction, i have transferred to the English text, aud inserted in the 
proper places, all those passages in the other divisions, aud even in the two 
appendices that have a waring nnon ethnology, giving thos unity and com- 
pUteness to the subject, which indneed me to prepare these pages. For the 
tiat I hare pfeserred, so for as feasiblei the language of lae author. Not 
S3 8 
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much can be said, however, iu favor of the tjtyle exhibited iu the origiual, and 
even the spelling of tbe words defies all rules of orthography, wnieh w«n 

tptcd a century ago in the German language j nor is our father unaware of 
hia deticiciicice', but lioiK.siIy states in hi? prefaco that " if hi.s sfyU- was none 
of the smoothest, and his orthography incoricct in some places, the reader 
might coii.-ider that during the seventeeu years of his sojourn in California, 
comprisiiig the period from 1751 to 1768, ne hardly ever had conyersed in 
Gterman, and, consequently, almost foigotten the use of his mother language.*' 

Of the peninsula Father Baegcrt gives a rat li or woeful account. He deecribei 
that region as an arid, mountainon>j country, covered with rocks and pand, 
deficient in water, and almost wiihuut uhade-trces, but abounding in thoruy 
plants and shrubs of various kinds. The sterility of the soil is caused by the 
acantinflBa of watcar. ** No one," says the author* ** need be afraid to wowa 
himself in water j hat the danger of dying from thirst is much greater.'' There 
falls some rain, accompsinied by sliort thunder-storms, durinj^ tlio raontbs of 
July, Aiigust, September, and October, filling the channels worn in the hard 
ground. Some of these soon become dry after the showers ; others, however, 
hold water during the whole year, and on these and the stagnant water od* 
lected in pools and ponds men and beasts have to rely for drink. Of running 
water?, deserving the unme of brooks, there arc V)nt six in the country, and of 
these six only four reach the eea, win!'- tlie others lose themfelvca not very far 
from their sources among rocks and baud.. There i^ uothiug to be seen in 
Lower OaUfomia that may he ealled a wood; only a few straggling oaksi 
pines, and some other kinds of trees unknown in Europe, are met with, and 
these arc confined to certain localitie?*. Sliade and material for the carpenter 
are, therefore, very scarce. The only tree of any consequence is the so-called 
mesquite; but besides that it always grows quite isolated, and uover in groups, 
&e tnmk ie very low, and the wood bo hard that it ahnoet defies the applici> 
tion of iron tools. The author mentions, fhrther, a kind of low Brazil wood, i 
tree called })aloblanco, the bark of which Fcrves for tanning; the palohierro or 
iron-wood, wliich is f till' harder than the metjqnitc ; wild fig trees that bear ns 
fruit; wild willows and barren palms, ''all of which would be aj^hamcd to 
appear beside a European oak or nnt-tree." One little tree yields au odorifeiwoa 
gum that waa used in the Galifomian ehnrchee aa frankincense. Bat in com-- 
pensation for the absence of large trees, there is a prodigious abundance of 
prickly plants, some of a f^ip^anfic height, but of little practical use, their ;?oft, 
spongy stems soon rotting alter being cut. Among the iudigenons edible pro- 
ductions of the vegetable kingdom are chiefly mentioned the tunas or Indian 
figs, the alo§, and the pitahayas, of which the latter deserve a special notioe 
as forming^ an important article of food of tbe Indians. There are two kinds 
of this fruit — the Hweet and the sour pitahaya. The former is round, a?? lan^ 
as a hen'.s ejri^. and ha^ a j^reen, thick, prickly shell that covers a red or white 
flesh, iu which the black seeds are scattered like grains of powder. It is 
clescribed as being sweet, but not of a very agreeable taste without the additun^ 
of lemon Juice and sugar. There is no t^carcity of shnibs bearing thia frui^ 
and from some it can be gathered by hinulreds. They become mature in the 
middle of June, anil eoTitinue for more than eight weeks. The sour pitahaya. 
which ffrows on low, creeping bushes, bristling with long spiues, is much 
larger than the ofher kind, of excellent taste, but by far less abundant ; for, 
although the shrubs are very plentiM, there is hardly one amon^' a htindred 
tiiat bears fruit. Of the alnfl or raescalc, as the Spaniards and Mexicarf call 
it, the fibres are used by the aborigines, in Ueu of hemp, for making threads 
and strings, and its fruit is eaten by them. 

A very curious portion of the book is that which treats of the animals found 
m California. The author is evtdenthr not much of a naturalisl, and, in classi- 
fyisg aoimalst he mani^Mts ocoaiionBUy a sovweign indepeodence tiiat would 
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thock the feelings of & BlamenbMh or Agassiz; yet his remarks* xeBolting from 
actual observation, are for the most part correctt and evince undeniably his 
love of truth. In tlie list of wikl quadrupeds are enumf»rated the dof^r. liare, 
rabbit, fox, coyote, wild cat, skunk, (Sorillo,) leopard, {Ainrrican jjamJicr,) > 
ouza, and wild ram. In reference to the lai^t-named animal the author remarkb : 
"Where the chain of monntains that runs lengthwise through the whole penin* 
snlA reaches a' considerable height, there arc fonnd aninmls resembling onr 
rams in all rrspect-^, fTcept the horns, whicli are thicker, longer, and much 
more curved . When pursued, these animals will drop themselves from the 
highest precipices upon their horns without receiving any injury. Their num- 
ber, however, cannot be great, for I never saw a living specimen, nor the fiir 
of one in the possession oi' an Indian; but many skins of leopards and onzas." 

This animal is doul^tlesa identical with the Bockj Honntain aheepf (Ovit 
montana.J 

The feathered tribe docs not seem to Ibe very plentiful in California, since, 
aeeording to Father Ba< got t, a person may travel one or two days wifJiont see- j 

ing other birds but occasionally a iiltliy vulture, raven, or "bat." Among the few ■ 
which he observed arc the red-l)ird, ( rard/rtaJ ) blue-bird, humming-bird, and ' 
an "ash-colored bird with a tail rcf^enibliiig that of a peacock and a beautiful ' 
tuft on its headj" also wild ducks and a species of swallow, the latter appear- ! 
ingonly now and then in small nnmbers, and therefore considered as eztraneons. 

There are some small fish found in the waters of California; bntthey do not 
amount to much, and during lent the father obtained his supply from the 
Pacific, distant 12 leaji^iics from his habitation. On the other days of abj^tiiipnco 
hi.s meal usually consisted of a "little ^oat-milk and dry beans, and if a few 
egg.i were added, he cared for nothiu^ else, but considered himself well enter- 
tained." 

Under the comprehetudve* but not very scientific head of " vermin," the author 

enumerates snakes, pcorpion^, centipedes, huge sipiders, toad?, wRBp;s, bat?, •^nts, 
and griu*r^hoppt!rs. The.s(> vermin eeem to have been a great annoyance to the 
good uiibsiouary, especially the snakes, of which there are about twenty diiler- 
ent kinds in California, the ratUeenake being, of course, the most conspicnous 
among them. This dangerous reptile, which seems to be very numerous in that 
region, is miniitcly and correcily described, and, as might be expected, there 
arc ,m1.>40 some "snake stories" related. One day when the author was about 
to shave and took his razors from the upper board of his book-shelf, he discov- 
ered there, to his horror, a rattlesnake of large size.. He received likewise in 
his new dwelling-house, which was a stone building, frequent visits from scor- 
pions, large centipedes, tarantulas, ants and tondf, ail precautions being unnvnil- 
ittg against the intrusion of these uninvited guests. The grasshoppers are rep- 
resented as a real public calamity. Migrating from the southern part of the 
peninsula towards the north, they deluge the country, obscuring the sun b^ 
their numbers, and causing a noise that resembles a strong wind. Never devi- 
ating from their line of march, they will climb houses and chnrchc? encountered 
during their progress, laying waste all fields and gardens over which their per- 
nicious train passes. 

Of the dunate in California the author speaks welly and considers it as both 
healthy and agreeable. Being only One degree and a half distant from the 
Tropic of Cancer, he lived, of course, in a hot region, and he remarks with ref- 
erence to the high temperature that Fomo thought the name "California" was 
a contraction from the Latin words cuUda fornax, (hot oven,) without vouching, 
however, for the correctness of the derivation, though he is certain that theap- 

Sdlation is not of IndUm origin. The greatest heat begins in the month of 
uly and lasts till the midcJle of October ; but there is every day in the year 
quite a refreshing wind b! nv in^^, which begins at noon, if not sooner, and con- 
tinues till night. The principal winds are north west and south west ; the nodJi ^ 
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wind Uows wdj now and tfasn dnrioff I3ia winter mon<iM» Imt MBt wind 
Imrdly tfftr, the latter circamstance being somewhat earprising to the author, 

who obsorvt'tl that the cloud.-^ arc almost iiivarmbly moving from the cast. He 
n(»T( r touiid t)i(! cold severer than during the latter part of September or April 
ou the bauka ut' the lihuie, where, otter his retora, the perdevering coldness of 
winter and clouded atmosphere during itiat period made him long fbrtfae wM \ 
temperature and alwaya blue and serene sky of the oonnteyhe had left. Fogs 
ill the morning arc frequent in Calit'ornia, and occur not only during fall and 
Aviutor, but alr^o bometimetJ iu the hot neason. Dew is said to be not more fre- 
quent nor heavier than in middle Europe. 

Thongh the anthor reineeente Oaliibniia aa a dry, sterile eonntiy'* where but 
little rain falls, he admits that in tho^t isolated parts where the proximity of 
water imparls humidity, the soil exhibitrf an aptoni.-hing fertility. "There," he 
says, "one may plant what he chooses, audit will thrive ; there the earth yielila 
fruit a hundred-fold, as in the best countries of Europe. (>rodnciug wheat and 
maise, rioe, pumpkins, water and other molont ot twenty pomtda' weight, cot* 
ton. lemons, oranges, plantains* pomegittnateB» ezoeiloit sweet grapes, olives 
and figs, of which the latter can be gathered twice in a summer. The same 
field yields a double or threefold harvept of maize, that grows to prodigious 
height, an4 bears sometimes twelve ears ou one stalk. I have seen vines in 
California that produced in the second year a medium sized basket full of 
grapee; in the third or fourth year some areae thick as an arm, and shoot fiirtlt» 
in one season, eight and moi*e branches of six feet length. It is only to be re- 
grettWl that puch humid jjlaces are of very rare occnrrence, and that water for 
irrigating a certain piece of laud sometimes cannot be found within a distance 
of sixty leagues." 

In the last chapter of the first part the author gives an account of the peid 

fisheries and silver minee cariied on in Lower California while he was 1heie> 
r.iotli kinds of enterprise are represented aa insignificant and by no means very 
prr>litabie. " Every summer," he says, "eight, ten or twelve poor Spaniards 
from Sonora, (Jinaloa or other parts opposite the peninsula, cross the Guil iu 
little boats, and encamp on the Oalifomia shore mr tlra purpose of obt«ini» 
pearls. They carry with them a supply of Indian com and some hundred 
•n-ei:;])t of dried beef, and are accompanied by a number of ^fexican Indian?, 
who i^erve as pearl li.^hers, for the ('aliforuian.s themselve.-^ have hitherto shown 
no inclination to risk their livess for a few yards of cloth. The pearl fishers 
are let down into the sea by ropes, being provided with a bag for receiving As 
pearl oysters which they rake from the rockH and the bottom, and whoi tbej 
can no longer hold their breath, they arc pulled up again with ilieir treasure. 
The oysters, without being opened, are counted, and every fifth one ia put aside 
for the king. Most of them are empty; some contain black, others white pearls, 
die latter tteine usually smell and iU-shaped. If a Spaniard, after six or 
eight weeks of hard labor, apd after deducting all expenses, has gained a hoa- 
dr( d American pesos (that is 500 French livrcs, or a little more than 200 Bhen- 
ij^h Horins— -ti very nmall mm in America!) he thinks he has made a little for- 
tune which he cannot realize every season. God knows whether the fifth part 
of the pearls fished in the Oalifomian sea yields, on an average, to the Catho- 
lic kmg 100 or 200 pesos in a year, even if no frauds axe committed in the 
transaction. I heard of only two individuals, with whom I was also personally 
Rcqnainted, who had accumulated some wealth, after spending twenty and more 
yeard in that line of business. The others remained poor wretches, with aU 
their pearl fishing." 

Thetfi were but two silver mines of any note jp. operation at the time ef 
]^gert'8 sqloum in Califtimia, and those had been opened only a few years 
previous to his arriv al. Tliey w*'re situated in the districts of St. Anna and 
Qt. Antonio, near the gouthem end of tibie pemnsula, and only three leagoss 
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diflteat fiwm «uli oiher.- Digging for fflTer Ib Oayfomia U not lepresented aa 
a lucrative businees, the owner of one of the mines being bo poor that he had 

to beg for his travelling money when he was about to return to Spain. The 
proprietor of the otherininc wasin better circumstancea, but he owed his wf rilih 
more to other epeculatiouti than to hubteiranean pursuita. The miuiitg 
population in the two districts amounted to 400 souls, women and children iu- 
elnded, and the workmen were ei^heri Spaniards horn in America, or Indians 
from the other side <^ the Californian gulf. The external condition of the^e 
people is represented as metclH-d iu tlie highest de^ee. The ?oiI prtKlticed 
almotit nothing, au4 uotliaviug the uecer^^ary mnncy to procure provi.-^ioud iVom 
the Mexican side, they were sometimes compelled to gather tht'u- loud iu the 
fields, like the natiye OaliibnuaDS. The anther speaks of a locality between . , 
the- twenty-eighth and twenty -ninth degree, called Rosario, where some sup- 
posed gold to exist, but even admitting the fact, lie tliinks it wonld be r.lmosst 
imposfliblc to work mines iu that reg;ion, whert! neither food for men and b^a.-ts, 
nor water and wood, can be urocured- Near the mit*bioii of St. Ignatius {ztsih 
degree) eulphar is fbnnd, ana on the islands of El Carmen and St* Joseph in 
the Californian gnlf, and in di£Ebrattt places on hoth coasts salt of Yery good 
quality i.s abundant. ' 

Having thus given an absitract of the fir^t part, of the book, I cannot con- 
clude these introductory remarks without saying u few words iu favor of the 
Jesuits. Whatever we may think, as Protestsats, of the tendencies of fliat 
order, we cannot bnt admit that those of its members who came as missionaries 
to America deserve great credit for their zeal in propagating a knowledge of 
the countries and nations they visited in the New World. To the student of 
American ethnology particularly, the numerous writings of the Jesuit fathers 
are of inestimable ▼sine, forming, ad it were, the very foandations npon which 
almost all snbseqnent researches in that interesting field of inquiry are based. 

" I'he missionaries and discoverers whom the order of the Jesuits sent forth 
were tor the most part not only possessed of the oonraj^e of martyi-f, and of 
statesmanlike qualities, but likewise of great knowledge and learning. They 
were enthusiastic travellers, naturalists, and geographers ; they were the best 
mathematieians and astronomers of their time. They have heen the fint to 
giv^e ns faithful and cireomstantial acconnts of the new countries and nataqna 
they visited. There are few dintrictfi in the interior of America conccrninfr 
which the Jesuits have not 8U})j)liixl u.s with the oldest and best works, and we * 
cau scai'cely attempt the Bludy uf any American language without meeting with 
a grammar composed by a Jesnit. In addition to their chapels and colleges in 
the wilderness, the Jesuits likewise erected observatories-; and there are few 
rivers, lakes, and mountains in the interior, which they have not been the first 
to draw upon our maps." 

"With this well-deservod eulogy, which is quoted from Mr. J . G. Kohl s re- 
cent work on the discovery of America, I leave to Father Baegert himself the 
task of relating his experiences among the natives of Lower California. • 



AN AOCX)ITNT OF TQE ABOBIGINili INHABITANTS OF THE 

CALIFOBNIAN PENINSULA. 

OHAPTBR I. — THE STATrUE, COMPLEXION, A.\n \n'MBER OF THE C AMI OR.MANS; 
ALSO, WHEfVCE AND HOW THEY MAY HAVE COMB TO CALIFOKXIA. 

In physical appearance the Californians rej^emhle perfectly the "Mexican.^ nud 
Other aboriginal inhabitants of America. Their skin is of a dark chestnut or 
dove color, passmg, however, sometimes into different shades* some individnala 
being of a more swarthy eompIezion» while otlun aie tan or copper coloted. 
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But in new-born children the color iu much paler, bo that they hardly can be 
distiuguiished from white children when presented for baptism; yet it appears 
BOOH after and asaiimea Its dark tinge in a ahort time. Tbe hair is bladt 
as pitch and straight, and seldom turns gray, except sometimeB in cases of 

cxtrcmo old n^. Th(*y are all bcardlc???, and their eye-brows are but scantily 
provided with hair. '1 he headt* of children at their birth, intitead of being cov- 
ered wiih dealer, exhibii hair, bometiuiCb half a finger long. The teeth, though 
never cleaned, are of the whiteness of iiroiy. The angles of the eyes towaris 
the nose are not pointbd, hut arched like a bow. They are well>formed and 
well -proportioned pnoplo, very fupple, and can lilt up from the ground stonf*?, 
buueti, and similar ihiugs with tin; big and Becond toes. All walk, with a few 
exceptions, even to ihu moot advanced a^c, perfectly Btruight. Their children 
stand and walk, before thej are « year old, briskly on their feet Some are tdl 
and of a commanding appear8nee» others small of stature, as elsewhere, but no 
corpulent iudividnuls iire seen amons; them, Avhlch may be accounted for by their 
i!iaiiTier of iivin<;, for« being compelled to ruu much around, they have no chance 
oi irrowing stout. 

In a country as poor and sterile as Oaliforaia the nnmber of inhabitants eas* 
not.be great, and nearly all would certainly die of hunger in a few days if it 

were as densely populated a« most parts of Europe. There are, consequently, 
very few Califomians, and, in proportion to the extent of the country, almost 
as few, as if there were none at ail ; yet, nevertheless, they decrease annually. 
A person may travel in different parts four and more days without seeing a 
single human being, and I do Uot believe that the number of Galifomiaos from 
the promontory of St. Lucas tO the Bio Colorado ever amounted, before the 
arrival of the Spaniard.-^, to more than forty or fifty thonpand souls.* It is 
certain that in 1767, in fifteen, that is, in all the missions, from the 22i\ to the 
Slht degree, only twelve thousand have been counted, liut an intiignificaut 
population tend its annual diminution are not peculiar to California alone ; both 
are common to all America. During my journey overland along the east side 
of the Californian {rtilf, from Ouadahixani to the river Iliaqni, in the Mexican i 
territory, a distance of four hundred leagues. f T saw only thirteen f^mall Indian 
\iiiages, and on moat days 1 did not meet a living soul. Father (Jbarlevoii, 
before setting oat on a journey through Canada or Kew France, writes in his 
first letter^ addressed to the Duchess of Lcsdiguidres, that he would have to 
travel .sometimes a hundred and more leagues without seeing any hunaan beingi ' 
besides his companion?'. f i 
With the exception of Mexico and some other coimtries, North America was, j 
even at the time of the discovery, almost a wilderness when compared widi 
Ckirmany and France; an4 this is still more tlie case at the present tims. 
Whoever has read the history of New France by the above-named author, ST 
has travelled six or !*even hundred leagues llirougli Mexico, and, beside?, ob- 
tained reliable information concerning the populaiioii of other proviuce^^, caa 
easily form an estimate of the number of native inhabitants in North America; 
and if the southern half of the New World -does not contain a hundred times 
more inhabitants than the northern part, which, relying on the authority of men 
who have lived there many years and have travelled much in that country, I 
am far I'rom believing, those European ^geographers who speak in their books of 
300 millions of Americana are certainly mistaken. Who knows wJiether ihey 



• Wd.-sliiugtoii Irving statcii thav had uumbered from 25,000 to 30,000 souis when the first 
missions were established ; on what anthofj^ I do not koiom,'^A4mutun94fCmplmm Bmh I 
mnUe, (ed. of Iti&l.) p. 332. 

iStmuku.'^l truiBlat« thia word by *Me»f^ae," though the French lUue is a little longer 
than the German stand*. 

t Histoiie da la JNouveUe Fraocei, par ie F. do CharkToix. Paris, 1744 i voL v, p. 66 
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would find in all inoic tlian fifteen or twenty millions? The many hundred 
languages wbicii aie spoken iu Soutli America alouc ai'e a sure evidencu uf a 
Bcaaty p opulation, altaoueh the contrary might be inferred at first siglit; for, if 
there were more people, tnere would be more community among: them, the tribes 
would live closer together, and, as a result, there would he fewer latignages. 
Tho Ikns in iny district .^prak a lan;j;uagc different from that of the other people 
in my mission ; but 1 am pretty sure that the whole nation of these Ikas never 
amounted to five hundred persons. 

It is easy to comprehend why America is so thinly populated, the manner of 
living of the inhabitiuits and their continual wars among themselves being the 
caii.<p,^ of this deficiency ; but how it comes that, since the discovery of the fourth 
paf t of the world, its population m constantly melting down, even in those prov- 
inces where the hahaoitaats are not subjected to the Europeans, but retain their 
foil, unrestrained lihertyf as, for instance, according to Father Charlevoix, in 
Louisiana, (that is, in the countries situated on both sides of the Mississippi,) is 
a qiipj^tion, the solution of which I leave to others, coutentitig myself with what 
is wriiieii iu the Psalms, namely, that the iucrease or dimiuuliou of the human 
race iu difierent countries is a mystery which man cannot penetrate. 

However small the number of Oaltfomiaas is, they are> nevertheless, divided 
into a great many nations, tribes, and tongues.* If a ^^1ss^on contains only one 
thon-^and soul'', it may oa^=ily embrace as many little nations among its parish- 
ion( rd as tSwitzerlaud connt.s canhms and allies. My mission consisted of 
Paurus, Atshcmey, Milshiiikulamais, Mitshirikuteurus, MitshirikutaruauHjores, 
Teaickwiis, Teenguabebes, Utshis, Ikas, Anjukwires, Utshipujes; aU being 
difiereut tribes, but hardly amounting in all to five htmdred Bonls. 

It might be asked, iu this place, why there existed fifteen rai^fions on the 
peninsula, since it appears that 12,000, and even more, Indiatirf could be con- 
veniently 8upcrinteud(;d and taken care of by thrte or four priests, 'i lie answer 
is, that this might be feasible in (Germany as well as in a hundred places out of 
Europe* but is utterly impracticable in California; for, if 3 or 4,000 Galifor- 
nians were to live toj::;et})er iu a small district, the «canty means of subsistence 
afibrdcd liy that sterile country would poou prove insufficient, to maintain them. 
Besides, all of these petty uatious or tribes have their own couutiies, of which 
they are as mttcb, and sometimes even moroi enamored than othei- people of theirs, 
so that they would not consent to be transplanted fifty or more leagues from 
the place they consider as their home. And, further, the different tribes who 
live at some fli^tanee from each other are always in a niutnal state of enmity, 
which would prevent them from living peaceably together, and ofier a seriouf 
obstacle to their being enclosed in tbe same fold. In time of general contagious 
diseases, lastly, which are of no nnfrequcnt occurrence, a single priest oould noi 
perform his duties to their full extent iu visiting all his widely scattered patients, 
and administering to their spiritual and temporal want??. My parish counter 
far less than a thousand members, yet their encampments were often more than 
thirty leagues distant from each other. Of the laugcages and dialects in this 
country tbere are also not a few, and a missionaij is giad if be has mastered 
one of tton. 

It remain?* now to state my opinion concerning' the place where the Califor- 
niaiis came iiom, and in what manner they efi'ecto,a their migration to the country 
they now occupy. They may have come from different localities, and either 
voluntarily or by some accidentt or compelled by necessity; but that people 



*Thb author probably fell into the very common error of eonfoimdlng dialocta with Ian* 

fraaf::*";. Di. Wiiitz, iflvin^x on nusc luimnn's linn^uistic researches, meutions only thrte, /;r/n- 
cwid Uaguiigtia spoken by tho uatires ot Lower California, viz., the Pericu, Monqui, and 
(focbimirauguuges.^Aii£mMla|Mte LsiMiff, 1664: ' 

vol iv, p. m 
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should have migrated to California of their own free will, and without compul- 
siou, I am unable to believe. America is verV large, and could easily support 
fififcj timefl its immber of inhabitaata on mnch better soil th«i that of Oalifomia* 
How, then, is it credible that men should have pitched, fr lu free ehoicOf their 
tciitd amidst thf inho?j)it;iblf dreariness of thn^^o barren rocku i It is not impoa- 
sible that the livf^i iuhabitauts may have found by accident thoir way acros.-^ the 
sea from tlie other side of the Califomian gulf, where the provinces of Giualoa 
and Sonora are aituated ; but, to my knowledge, navigation never has been 
practiced by the Indians of that coast, nor ia it in nae among them at the 
present time. Thfre is, furthermore, within m in^' len^ics tn%v.nrds the interior 
of the country no kind of wood to be had suitable for the construction of oven 
the smallest vessel. From the Pimeria, the northernmost country opposite the 
peninbnla,. a tranaition might have been easier either by land, after croaaing the 
Rio Colorado, or by water, the sea being in this plice ^ ery narrow and full of 
ij^lands. In dcfiult of boats tliey could employ their balsaj* or little rafts made 
of reeds, which are also a«rd by niy Carifornian.-< who live near the sea, either 
for catching fish or turtle, or crossing over to a certain island distant two leagues 
£com the ahore. I am, however, of opinion that, if these Pimerians ever had 
gone to Califonii|& induced bv curiosity, or had been driven to that coaat hj s 
storrn, the dreary aspect of the country soon would have caused them to return ' 
without delay to their own country. It was doubtless necessity that fr.ive the 
impulse to the peopling of the peninsula. 2s early all neighboring tribes of 
America, over whom the Europeans haVe no away, are almost without eessation 
at war with each other, as long as one party is capable of resistance ; but when 
the weaker is too much exhausted to carry on the feud, the vanquished usually 
leaves the country and settles in some other part at a sufficient distance from 
its foes. I am, therefore, inclined to believe that the first inhabitants, while 
pureued by their memies, entered the peninsula by land from the north side* 
and having found there a safe letieat they remained and spread themselves out 
If they had any traditi ; ;ome light might be thrown on this subject; but no 
Calif<»rnian is acquainted with tie' ovcnts that occurred in the country prior to 
bdti birth, nor does he even know who his parents were if he should happen to 
have lost them dtiring his inlancy. 

To all tfppearanoe the Califomtans, at least those toward I3ie south, believed, 
before the arrival of the Spaniards in their country, that California constitnted 
the wliole world, and they themselves iir? sole inhabitants:; for they went to 
nobod}-, and nnliody came to see them, each little people rr^maining within the 
limits of its small district. 8ome of those under my care believed to be de« 
rivsd from a bird ; some traced their origin from a rock that was ly iug not &r from 
my house ; while others ascribed their descent to -still different, but always 
equally foolish and absurd sonxoes. 

CUAPTBR 11. THKIB HABITATIONS, AFFARBL, IMPLEMENTS, AND UTENSILS. 

With the exception of the churches and dwellings of the miasionaries, which 
every one, as well as he could, and as time and circumstances permitted, built 
of stone and lime, of stone and mud, of huge unbumt bricks, or other materialst 
and besides some barracks which the ludiauB attached to the missions, the few 
BoldierSr boatmen, cowherds, and nuners have now elected in the fourteen sta* 
tionSy nothing is to be seen in California that bears a resemblance to a city, a 
village, a human dwelling, a hut, or even a dog-hons'\ The Californians thcm- 
selves spend their whole liie, day and night, in the open air, the sky above them 
forming their roof, and the hard soil the couch on which they sleep. During 
winter, only, when the wind blows sharp, theyeonatmet around them, but only 
* opposite the direction of the wind, a half moon of bmsh-wood. a fow spans higp» 
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as a protection ag-ainat the iDclemcncj of tlie wcuther,^ showing thus that, not- 
ffith'^tanding their siiiipliciiy, ttu y understand pretty well bow to tiiru the 
mantle tuwaidri thu wind."t it cannot be otherwise with them; for, if* they 
]iad honaes, thej would be eompdled to cany their dweUin^fs always wim 
them, like snails or tutieB, the neceeaity of eollectiiig fi>od QigiDg them to wan^ , 
der constantly about. Thus they cannot start every taom in j:; from the same 
place and return thiilier iu the evening, since, notwithstanding the gmall num- 
ber ol each little people, a small tract of land could not provide them with 
provisions during a waafe year. To^y tiie water wiU fiiii them ; to-morrow 
they have to go to some locality for gathering a certain kind of seed that aenres* 
them as food, and so they fulfil to the letter what is written of all of us, namely, 
tliat we, shall have no fixed abode in this world. I am certainly not much mis- 
tnki u iu baying that many of them change their night-quartere more than a 
hundred times in a year, and hsirdly sleep three times successively in the same 
plaee and die eame part of the country,* always excepting thoae wbo . are con- 
nected with the missions. Wherever the night stirpriaea them tliey will lid 
down to fc^lccp, not minding in the least the uncleanline?? of the ground, or ap- 
prehending any inconvenience from reptiles and other vermin, ot whirh tliere 
IB an abundance m this country. They do not live under the bhade of tiee^, as 
Bome anthors have aaid* beoanse there are hardly any trees in Galifoniia that 
affi»rd shade, nor do they dwell in earth-holee of their own making, as others 
have paid, hut hometiraes, and only when it rain?, they rcfort to the clefts and 
cavities of rockB, if they can find such sheltering places, which do not occur 
as lrec|U6ntly as theii- wants re(£uire. 

Whenever they undertake to eonstroet shelters for protecting their sick from 
heat or cold, the entrance is usually so low that a person has to creep on hands 
and feet in order to get in, and the whcde fitructure is of sucli small dimensions 
as to render it impopsibie to stand erect within, or to find room to s^it down on 
the ground for the purpose of confessing or comforting the patient. Of no better 
concution are the huts of those Indians who live near the missions, the same 
being often so small and miserable that man and wife hardly can Bit or lie down 
in them. Even the old and infirm are utterly indifferent as to their being unfier 
shelter or not, atid it happened often that 1 found old pick persons lying in the 
open air, for ^vh(itie accommodation I had caused huts to be built on the pre- 
ceding day. So much for habit* 

As the blue sky fonns the only habitation of the Califimpan Indians, so they 
wear no other covering than the Drown skin with which nature has clothed them. 
This applies to the male sex in the fullFcnseof the word, and even Avomen have 
beenfoun^ in the northern parts of California in a perfect state of nudity, while 
among most nations the females always cpvered themselves to a small extent. 
They did* and still continue to ao, as follows t They understand how to pre- 
pare from the fibres of the aloe plant a white thread, which serves them for 
making cords. | On these they string hundreds of small sections of water-reed, 
•like beads of a rosary; and a good number of these strings, attached by their 
ends to a glrdle» and placed very close and thick together, form two upronu, 
one of which hangs down below the abdomoi, while & other ovma the bind 
part. These aprons are abont a span wide» and of diSotent length. Among 



* Cftptaiu Bonnevillp pives a cheerless acconnt of a village of the Root Diggers, which he 
saw in croisaiiig tlu' {ihiin lielow Powder river. "They liv^," eays he, " without anr fiirth« 
protection from the luciemency of the Reason thauasortof breftk-wcatlier, iibout thrte feet 
bigh, compuscd of sa|^ (or wormwood,) and erected around them iu the jihape of a half 
moon.''— H^aghingtonfmi^! Athentutrs of Captaim BoHmtmUe, p. S6&. 

t German proverb. 

t It may not bo out of place to mention here that in Mexico the dried fibres of the alod or . 
maguey plain ( J^am AmtrUmM) an a universal snlwtltate tat famp in lbs naanfiMtine of ' 
ooTOBge and padooffHsloth. 
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eomc nations they reach down to the knees ; apiong others to the calvp?, and 
even to the feet. Both fidcB of thf thighs, as well m the rest of the hody, re- 
main perfectly naked. In order to save labor, some women wear, iuHteud ot the 
back-aprons, a piece of imtaimed deer^Bldn, or any woollen or linen rag wMcli 
. Iliey can now-a-days Qbtaiu. Of the same untanned skin they make, if they 
can get it, their shoes or sandals, simply flat pieces, which they attach to the 
feet hy coarse BtringR of the nhove moniioued alofij passing between the big and 
small toes and uround the aukic6. 

Both sexes, the grown as well as the ebildren, wear the head always nneoT- 
«wd» however inclement the weather may be, even those in a certain mission 
who understand how to manufacture pretty good hats from palm-leaves, which, 
on account of their lightness, wew frequently worn by the misisiionaries while 
on their travels. The men allow the hair to grow down to the f iiouldcra. Wo- 
men, on the contrary, wear it much shorter. Formerly tliey pierced theearaof 
new-born ebildren of ^ malesez with a*nointed stick, and by putting boneaand 
pifloea of wood into the aperture they enlarged it to such a degree that, in some 
grown perf^ons, the flMp>^ Imn^ down nearly to the shoulders. At present, how- 
ever, they have abaiuloned this unnatural urtage. It has heen asserted that 
they also pierce the noee. 1 t^nn only say that X saw no one disfigured in that 
particolar manner, bnt many middle-ag* d persons with their ears perforated as 
described above. Under certain circuni!^tancer=, and on their gala days, they 
paint difTcrent ])nrU of the body with red and yellow color, which they obtain 
by burning; certain^ minerals. 

The baptized Indians, of course, observed more decency in regard to dress. 
The missionaries gave each male individoal, once or twice in a year, a piece of 
blue clotli. six spans long 'and two spans wide, for covering tlu^ lower part of 
the body, and, if their mefins ^llowerl it, a ,=hort woollen coat of blue color. The 
women and ^\rh were providcl ^viih lliick white veils, made of wool, that cov- 
ered the head and the whole botiy down to the feet. In some missions the 
women received also petticoats and jackets of bine flannel or woven cotton 
shirts, and the men trowsers of coarse cloUi and long coats. Bnt the women 
thi;pw aside their veils, and the men their coats, as soon as they leave church, 
because those coverings make them feel uneasy, especially in sniniuer, and im- 

fede the free use of their limbs, which their mode of living constantly req^uires. 
will mention hero that all these goods had to be brought from the city of 
Henco, since nothing of the kind can be mannfactnrod in California for want 
of the necessary materials. The number of sheep that can be kept there h 
small, an<l. moreover, they lose half their wool by passing throwjrh the thorny 
shrubs, ol which there is an astonishing abundance in this ill-favored country. 

It is not to be expected that a people in as low a state of development as the 
Galifomians should make use of many imnlcments and utensils. Their whole 
furniture, if that expression can be appllea at all, consists of a bow and airowB, 
a flint instead of a knife, a hone or pointed piece of wood for di^s^ing roots, a 
turtle-shell serving as basket and cradle, a laige giit or bladder for fetching 
water and transporting it during their excm'sious, and a bag made like a fishing 
net fiwrn the fibrea of the alo6, or the skm of a wild cat, in which they preserve 
and cany their provisions, sandals, and perhaps other insignificant things which 
they may happen to possess. 

The bows of the Cahfbrnians are more than six feet long, slightly turvcd, 
and made from the roots of wild willows. They are of the thickueas of the 
five fingers in the middle, round, and become gradually thinner and pointed 
towards the ends. The bow strings aro made, of the intestines <^ beasts. The 
shafts of their aiTows consist of common reeds, >\'hirh they straij;hten hy the 
fire. They ar tln>vo hIx s])ans long, and have, at the lower end, a notch to 
catch the string, und three or tour leathers, about a finger long, not much pro- 
jeciiug, aud let into slits made ibr that purpose. At the upper end of the Aatt 
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a pointed piece of heavr wood, a Bpon atid a half long, is inaflzledt bearing 

nsnally at its extremity a flint m triangular f^hape, almost rp?embltn^ a serpent's 
tongue. ;!'!'! iudt'utf tl like the < li-f n!" a saw.* The Calil'oniians carry ilit'ir 
bows aud arrowd ulwayd wiih ihcm, aud as they commeuce at au<;ariy age to 
use these weapons many of them become very skilfol archers. 

In lien of knives and scissors they use sharp flints for cutting almost every* 
thing — cano, wood, alod, and even l^lieir hair — and for di.s> mho welling and skin- 
ning animal?. With the same flints they bleed or s^carii'y themselves, and 
make incisions for extracting thorns aud splinters which they have accidentally 
nm into their limbs. 

The whole art of the men consists in the manufacture of bows and arrows, 
while the mechanical skill of the females ia merely confined to the making of 
the above-mentioned aprons. Of a di\ ision of labor not n trace is to be found 
among them ; even the cooking 14 done by all without distiucliou of sex or age, 
every one providing for himscK and the children commence to practice that 
necessary art as soon as they are able to stir a fire. The time of these people 
is chiefly taken up by the search for food and its pref tarat Ion ; and if their {mjsical 
wants are supplied they abandon themselves entindy tu lounging, chattering, and 
Bleep. This applies particularly lo the roaming portion of the Oalifnrnian In- 
dians, for those who dwell near the missions now established iu the country aie 
sometimes ])ut to such labor as the occasion may require. 

CHAPTER IU. — OF TUKiH FOOD AND THE MAiWKrt OF PHEPARINQ IT. 

Notwith^^tanding the barrenness of the country, a ( 'alifonuan hardly ever dies 
of hunger, except, perhaps, now and then an individual that falls siek in the wil- 
derness and at a great distance from the mission, for those who are in good health 
trouble themselves very little about such patients, even if these should happi u 
to be their husbands, wives, or other relations ; and a little child that has lost 
its mother or both parents is also occasionally in danger of starving to death, 
because in mmo liiBtanceB no one will take charge of it, the fikther being some* 
times inhuman enough to abandon his oflspriug to its fate. 

The food of the Oalitbmiaus, as will be seen, is certainly of a mean quality, 
yet it keeps them in a healthy condition, and they become strong and grow old 
m spite of their poor diet. The only period of the year during which the Cali- 
fomians can pati^fy their appetite without restraint is the season of .the pltaha- 
ya«, which ri[)eu iu the middle of June and abound for more than eight weeks. 
The gathering of this fruit may be considered as the harvest of the native in- 
habitants. They can eat as much of it as they please, and with some this food 
agrees so well tinat they become corpulent during that period ; and for this rea- 
son I waf» sometimes unable to reeoj^nize af first siprbt individuals, otherwise 
perfectly familiar to me, who visited me after having' led for three or four weeks 
on these pitahayas. Tiu;y do not, however, preserve them, aud when the bea- 
flon is over tihey are put again on short rations. Among the roots eaten by 
the Galifornians may be mentioned the yuka, which constitutes an important 
article of food in many parts of America, a?, for instance, in the island of Cuba, 
but is not very abundant in California, In some provinces it is made into a 
kind of bread or cake, while the (jalifoniraus, who would find this process too 
tedious, simply roast the yukas in a fire like potatoes. Another root eaten by 
the natives is that of the aloS plant, of which there are many kinds in this 
country. Tho-^e Bpecies of this vej^etable, however, which atToirl nonrishment 
— ior vM. all of them are edible— do not grow as ph ntitully a.s the Californi- 
ans might wish, and very seldom in the neighborhood of water ; the prepara- 

•In coUenliOEOf'Dr. E. H. Davis, of New York, there are a number of arrowtob* 
tBr.T.i-d f >m tlK> Indians of the island of TiburoQ, in the CaUfomiaa gulf. Xhey saswsr, in 
every reap ect, the description given iu the text. 
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tiimf, monowt whioh are neeesiaiy to render this plant eatable, reqnire maeh I 
time and labor, as will bemttationed hereafter. I Baw the natives also frequently 
eat the roots of the common reeil. just they were taken out of the water. 
Certain eeeds, some of them not larger than those of the mustard, and different 
.sorts in pods that grow on shrubs and little trees, and of which there are, ao- 
oordittg to Father Piccolo, more than sixteen kinds, ave likewise diligently 
sought ; yet they furnish only a small quantity of grsin* and all that a person 
can collect with mnch toil during a whole year may scareelj amount to twelre 
bushels.* 

It can be said that the Califomians eat, without exceptioa, all animals Lhey 
can obtain. Besides the different kinds of larger indigenous quadrupeds and 
birds already memUooedrf they lire now-a-days on dogs and cats; hoftes, asses 
aiul mulc^ ; ifrm, on owlf. mice nnd rats; lizarJs and Hiuikcs ; ht\t?. pra^^hop- 
pers and crickets; a kind of {^rceu caterpillar •Nvithout hair, about a liu,i;<r lon^, 
and an abominable white worm of the iengtii and thickness of the thumb, which 
tibey find oeoasionally in old rotten wood, and consider as a partieolar delicacy. 
The chase of game, sueh as deer and rabbits, furnishes only a small portion of 
a Califomian's provi.sionF. SnppoHino; that for a luimlrcd families turee litm- 
dred deor are killed in the courso. of a year, which is a very fivorfible estimate, 
they would supply each family only with three meals in three hundred and 
stxty^five davB, and thus relieve bnt la a yery small degree the hanger and the 
poverty of these people. The banting for snakes, lixaras, mice and field-mts, ' 
which they practice with great diliprc m-c, is by far more profitable and supplies 
them with a much j^rcater quantity of articlt s for consumption Snakes, espo- | 
cially, are a favorite 6ori of small game, and thousands of them hud annually \ 
their way into the stomachs of the Califomians. 

In catching fish, particularly in the Pacific, wbich is nraeb richer in that re- | 
Bpt'ci than the gulf of California, the native use neither netsj nor hooka, but I 
a kind of lance, — that is, a long, f^lcnder, pointed piece of hard wood, wliich they 
handle very dexterously in spearing and killing thdr prey. Sea-turUea ate 
caught in the same manner. 

I have now mentioned the different ajrtides Ibnring the* ordinary food of Uie 
Califomians ; bat» besides these, they reject nothing uiat their teeth can chew 
or their stomachs are capable of digesting, however tastcleps or imclctin and 
disgusting it may be. Thus they will eat the leaveti of the Indian lig-trw, the 
tender shoots of certain shrubs, tanned or untanned leather ; old strapr^ of raw 
h!de with which a fence was tied together for yean ; item, this bones of poultry, 
0heep» goats and calves; natrid meat or fish swarming with worms, damaged 
whent or Indian corn, and many other things of that port which may Fcrvo to 
appease the hunger they are almost coui^tantly FiiiTering. Anything that is 
thrown to the hogs will be also accepted by a Calitbraian, and he takes it 
withont feeling offended, or thinkhig for aponoment that he is treated below hia 
dignity. For this reason no one took the trouble to clean the wheat or maiae, 
wh icli was cooked for tliem in a larger kettle, of the black worms and little bugs* 
even if the numbers of these vermin had been equal to that of the grainf . By 
a daily distribution of about 150 bushels of bran, (which they arc iu the habit 
of eating without any preparation,) I could have induced all my parishioners 



* One nuUter, in German, wMeh Is abont cqidvalsnt to Iwshre buhds. 

tin the introduction. 

t Ymapa mentioiiB fidifn^nets mode of tho jntm plant, (Nbtfoia de la CalMbrnla, vol. i, p. 

52.) Affording to Bac^rf, (Aprn ndi.v i, p. no such plaut exists iu Ciilifomiii, utid in© 

word " pita " only signifios the thread twisted from ihe alo& In refuting Von^as, Father 
Baeg«rt hardiv ever refers to the original Spanieh work, nor menliflQi the nameef its aolbor, 
Init af'acks tbo French translation, vrliioh whs pnb'i.slif d in Paris in the year 1707. Tie 

Srobably acted so from motiyes of delicacy, Venegas iiimsolf being a priest and brother 
tsoiki The s&et of tUs proeeeding, as can be ianjiinej, is eeaussl m a mg^ degw» 
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to femampentiaaeBitly in the mmnk, ezeeptiiig daring the time when the 
hajMB are gathered. 

I saw one day a blind man, seventy yearp of a»c, who was busily cng.ip'fvl in 
pounding between two Btouetj au old alioe made ot' raw dti€r-tikiii, aud wliea- 
ever bo had detached a piece, he traneferred it promptly to hia mouth and swal- 
lowed it; and yet this man had a daughter and grown grand-eluldren. 
soon as any of the cattle are killed and the hide is qireid out on the ground 
to dry, half a dozen boys or m^n will instantly ni.'h npon it and commence to 
work with knives, tiim« and their teeth, ti!aring aud scratching; off pieces, which 
they eal immediately, till the hide is i'uU of hules or bcattered in all direeiious. 
In the miBaion of St. Ignatina and In othem fordier towazda the north, there 
•re persons who will attach a piece of meat to a string and swallow it and pull 
it out again a dozen timeB in Boccession* for the sake of protracting the ei^ojr- 
mcnt of its taste;. 

I must here ask permission of the kiud reader to meutiou something of an 
flKoeedingly disgustiug and almost inhuman nainre» the like of which probably 
never has been recorded of any people in the world, hut which demonstrates 

better than anything else the whole extent of the poverty, nncleanueps and 
Toraciiy of these wretched beings. In dei^cribing the |>italiayas,* I have al- 
ready stated that they contain a great many small seeds resembling grains of 
powder. For some reason iml&owii to me these seeds ai<e not eodsnmedinthe 
stomach, but pass off in an nndigeated state, and in order to save them die 
natives collect, during the season of the pitahayas, that which is discharged 
£:om the human body, separate the seeds from it, and roast, grind and eat them, 
making merry over their loathsome meals, which the Spaniards therefore call 
the second harvest of the OalifiimiBna.t When X first heard that such a filthy 
habit existed among them, I was disinclined to believe the report, but to my 
utter regret I became afterwards repeatedly a witness to the proceeding, which 
they are unwilling to abandon like many other bad practices. Yet I must say 
in their favor that they <have always abjitaitied from human fiefh, contrary to 
the hui-rible usage of so many other American natiJus who can obtain their 
diuh^ food much easier than uese poor Califomians. 

Tbgj have no other drink but the water, and Heaven be praised that they 
are unacquainted with such strong beveragea as are distilled in many Ameri- 
can provinces from Indian corn, the B.\o(i and other plants, and which the 
Americauci iu those parts merely drink for the uurpoae of iutoxicatiug them> 
selves. When a Galilbmian enconnten, during his wvnderiDgs. a pond or pool, 
and fbeit a desire to quench his thirst, he lies ilat on the ground and appliee 
his mouth directly to the water. Sometimes the horns of cattle, are nsed as 
drinking vessels. 

Having thus far given au account of the different articles used as aliment by 
the aborigines of the peninsola* I will now proceed to describe in what manner 

they prepare their victuals. They do not coojt, boil* or roast like people 
in civilized oonutries, because they arc neither acquainted with these methods, 
nor possessed of vessels aud utensils to employ for such purpf*^* s ; and, besides, 
their patience would be taxed beyond endurance, if they had to wait till a 
piece of meat is well cooked or thoroughly rosirted* Their whole process 
simply consists in burning, singeing, or roasting in an open fire all such victoab 
as are not eaten in a raw state. Without any formalities the piece of meat, 
the fish, bird, snake, field-mouse, bat, or whatever it may be, is thrown into 
the fiames, or on the glowing embers, and left there to smoke and to sweat for 
about a quarter of an hour ; alter which the artiole is withdrawn, in most cases 



* Introduction. 

tXhis statement is corroborated in all particolazs bjr Clavigero, iu his Staria ddU Cttif 
famia, (Venice, 1789,) voL i, p. U7. 
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only bmned or ehnred on the ontBido, but still raw and liloodj wiihis. As 

Boon a» it has become snfficientlj oool, tbcy shake it a little in order to remore 
the adhering dust or ?aiifl, and oat it with ^Toat rr-li?h. Yi-t T mu^t add here, 
that thoy do not previously take the trouble to r^kin tlie mit-e or di-fmbowcl 
the rat8, nor tleem it necessary to clean the half-emptied entrails fuid maws of 
larger animals, which thejr have to cnt in pieces Mfore tbe^r can roast them. 
Beeds* kernels, grasf^hoppers, green caterpillars, the white worms already men- 
tioned, and similar things that would be lost, on account of their smaliness, in 
the embers and flames of an open fire, are parched on hot coals, which they 
constantly throw up and shake in a turtle-:»hell, or a kind of frying-pan woven 
out of a certain plant. What they havq parched or roasted in this manner h 
groimd to powder between twa stones, and eaten in a dxj state. Bones aro 
.treated in like manner. 

They eat everything; nnsalted, though they might obtain plenty of Bait ; but 
since they cannot dine every d.ay on roast meat and constantly chaoge their 
quarters, they would find it too cumbersome to carry always a supply of salt 
with than. 

The preparation of the alog, aho called mescale or maguey hj the SpaniardSt 
rcqnires more time and labor. The root?, after being properly separated from 
the plants, are roasted for some hours in a strorig fire, and then buried, twelve 
or twenty together, in the ground, and well covered with hot stones, hot ashes, 
and earth. In this state ^07 have to remain ibr twelve or fonrteen hours, and 
when dug out again they are of a fine yellow color, and pnfectly tender, 
making a very palatable di-h, which has served me frequently f" nr! v, lien I 
had nothing else to eat, or a.s des>ert after dinner in lieu of fmit. inn they 
act at first Ba a purgative on persons who are not accustomed to them, and 
leave the throat somewhat rough for a few bonis afterwards. 

To light a fire the Oaliforniahs make no use of steel and flint, but obtain it 
by the friction of tw o pieces of wood. One of them i.s cylindrical, and pointed 
on one end, which fits into a round cavity in the other, and by turning the 
cylindrical piece with gr^at rapidity between their hands, like a twirling stick, 
they succeed in igniting the lower pieee, if thej continue the process for a 
sufficient length of time. 

The Califomians have no fixed time for any sort of business, and eat, con- 
sequently, whenever they have anything, or feel inclined to do bo, which is 
nearly always the case. I never asked one of them whether he was hungry, 
who failed to answer in the affirmative, even if his appearance indicated . the 
eontnuy. A meal in the middle of the day is tiie least in use among them* 
because they all set out early in the morning for their foraging expeditions, 
and return only in the evening- to the place from which they started, if they 
do not clioose Home other locality for their ni<»ht quarters. The day being 
thus spent in running about and searching for food, they have no time leflfc for 
preparing a dinner at noon. They start always empty-handed; for, if per- 
chance something remains from their evening repasts, they eeitsinly eat it 
duriTT^- tlie night in wakini^ momenta, er 071 the following morninc hi foro 
leaving. The Oalifbmians can endure liungcr easier and mucli longer ihm 
other people ; whereas they will eat enormously if a chance is given. I otten 
tried to buy a piece of venison from them vrhsa the skin had but lately been 
stripped off the deer, but regularly received the answer that nothing was left; 
and I knew well enough that the hunter who killed the animal ne<'dcd no 
assistance to finish it. Twenty-four pounds of meat in twenfy-four hoins is 
not deemed an extraordinary ration for a single person, and to see anything 
eatable before him is a temptation for a Calimnittn whidi he cannot resist; 
and not to make away with it before night would be a victory he is vwy 
seldom capable of gaining over himself. 
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One of them requested from Lis miuAomty a iramber of goati, in order to 
hve, as he taid, like a decent man; that is, to keep honse, to pastore the goats, 

oiifl to support himself and his family with their milk and the flesh of the kidt. 
But, alar' ! in a few doys tlie twelve goats with whivh the jnissiooaiy had pre- 
Beiittjd him were all couisuracd. 

A priest who had lived more than thirty years in California, and whose 
▼eracity was beyond any donbt» assured me repeatedly that he bad ^nown a 
Oalifbrni an who one day ate sevt nfccn watermelons at one sitting; and another 
native who, at'trr havini^ received i'vnm a f-oldier f*ix potiTuls of ini clarified «nirnr 
as pay for a certain «l<'bt, sat down and inunchf'd one piece after another till 
the six pounds had dijsappeared. lie paid, however, dearly for hia gluttony, 
for he died in conse^aence of it; whue the xnelon-eater was only saved li^^ 
taking a certain physic whldi connteracted the bad effects of his greediness. 
T wrH called mys'lf one erening in great hn^tr* tn three or fnnr per?on<'. who 
jii' [I adf'd to be dvintr. nnd wantfd to coiili ss. Tht^sc pcojde belonp;'od to a 
baud of about sixty soulr*, (wuraeu and children included,) to whom I had eu, 
CMO'ly in the monring, three bnllocks in oomp^ation for scnne labor. When 
I arrived at the place where they lay encamped, I learned that their malady 
consisttd merely in belly-ache and vomifinp^ ; and, recognizing at once the 
cause of their disorder, X reprimanded them severely for their voracity, and 
vent home again. 

CEAPTBR IT. — OP THBIR MABBIAOBS AND THB BDOOATION OP TBBIR CBILDBBlf. 

As soon aa the young Oalifornian finds a partner, the marriage follows im> 

mediately afterwards ; and the girls go Bometfmes so far as to demand impetu- 
on~ly iijiusband from the missionary, Qven before they are twelve years old, 
which is their legitimate age for marrying. In all the missitius, however, only 
one excepted, the number of men was considerably greater than that of the 
' females. 

Matrimonial engagements are eondnded without much forethonght or scruple* 

and little otteTition is pnid tn the moral?* or qnalities of the partie;^; and, to con- 
fess the trutli, tliere ic» hardly any diff(r< nee among them in tlje^ic respects; 
and, ad I'ar aii good sense, virtue, and riches are concerned, they are always 
' sure to marry their equals, followuag thns the old maxim : Si vit nviere, nube 
pari. It happens very often that near relations want to join in wedloclc, and 
their engagement^ have, therefore, to be fni?tratccl, nwh cases excepted in 
which the impedimentum a£imtati* can be removed by a dispensation &om the 
proper authorities. 

They do not seem to marry exactly for the same reasons that induce civ- 
ilized people to enter into that state ; they simply want to have a partner, and 

the husband, be**ide?, a servant whom he can command, although his authority in 
that respect is rather limited, for the women are somewhat independent, and 
not nun h inclined to obey th^ir lords. Although they are now duly married 
according to the rites of the Catholic cbnrch, nothing is done on their part to 
solemnize the act ; none of the parents or other relations and friends are 
present, and no wedding feast is served up, unlesj< the ini-^sionary,' instead of 
receiving his marriape fee?, or jura ^folae, presents them with a piece of meat, 
or a quantity of Indian com. Whenever I joined a couple in matrimony, it 
took considerable time before the bridegroom sneceeded in potting the wedding 
ring on the right finger of his future wife. As soon as the ceremony is over, 
the new married couple start off in different directions in search of food, just as 
if they were not more to each other tn-day than they were yesterday; and in 
the same, manner they act in future, providing separately for ihi ir .-support, 
sometime^ without living together for weeks, and withont knowing uuy thing 
of their partner's abiding place. 
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Befbre tltey were bapftiaed eaeh man took m many wivM as lie Uked, a&d.if 
ibere were several sisters in a fiunOy he married them all together. The soo- 

in-law was not all-owed, for some time, to look into tljc face of hid. mother-in- 
law or his wife's next female relation^, bat had to stop asido, or to hide himself, 
when these women were present. Yet they did not pay much attention to con- 
eanguiuity, and only a few yeaia since one of them conntod his own daughter 
/as Jiis^beUevcd) among the nnmber of his wives. They met wtAont any 
formalities, and their vocabulary did not even contain the words "to marry," 
which is expressed at the present day in the Waicuri langua<5e by the ]v\ts^ 
phrase tikere imdiri — that is, " to brii^ the arms or hands togetl^r." 1 hey 
Lad, and stfll tise» a snbstitate fott the wofd ''hnsband«" hat m etymological 
meaning of that expression implies an intercourse with women in general. 

They lived, in fact, before the establishment of the missions in their country, 
in utter licention?nc3?, and adultery was daily committed by every one without 
shame and without auy fear, the feeling of jealousy being uukuuwu to them. 
Neighboring tribes visited each other very often only for the purpose of spending 
some days in open debauchery, and during snob times a general prostitati<« 
prevailed. Would to God that the admonitions and instructions of those who 
converted these people to Christianity and estahlisliefl Inwfnl marriages among 
them, had also induced them to debist entirely frum these evii practiceB ! Yet 
they deserve pity rather than contempt, for their manner of living togellier en- 
ffenders vice, and th^ sense of morality is not strong enoosh to prevent tiiem 
from yieldmg to the temptations to which they are constantly exposed. 

In the first chapter of thU book 1 have already ?poken of the scanty popu- 
lation of this country. It is ceftaiu that many of tlieir women are barren, and 
that a great number of them bear not more than one child. Uniy a few out of 
one or two hmidred hring forth eight or tea timfia»and if snehis really thecase^ 
it happens very seldom tW one or two of the children arrive at a mature age. 
I baptized, in i'ticcei??<ion, seven children of a young woman, yet I liad to bury ^ 
them all before one of them hud reached ilrf third year, and when 1 was about 
to leave the comitry I recommended to the woman to dig a grave for the eishth 
childt with which she was pregnant at the time. The nnmsizied people of both 
sexes and the children generally nuke a smaller gronp than the married satA, 
widowed. 

The Californian women lie in without difficulty, and without needing any 
assistance. Ii' the child is born at some distance from the mission they carry 
it thither themselves on the same day, in order to have it biq^tiied, not minAin^ 
a walk of two or more leagues. Yet, that many infants die among them is not 
surprising ; on the contrary, it would be a wonder if a great number remained 
alive. For, when the poor child first sees the liji^ht of day, there if> no other 
cradle provided for it but the hard soil, or the still harder shell of a turtle, in 
which the. mother places it, ^thont much covering, and dra^ it aboat wherever 
she goes. And in order to be unencumbered, and enabled to nse her limbs widi 
greater freedom while running in the fields, she ^11 leave it sometime in chaige 
of some old woman, and thus deprive iha poor creature for ten or more hours of 
its natural nourishment. As soon as the child is a few months old the mother 

f laces it, perfectly naked, astraddle on her shoulders, its legs hanging down on 
oth sides in front, and it has eonse^uently to learn how to ride before it can 
stand on its feet. In this guise the mother roves about ^l day, exposing her 
helpless charge to the hot rays of the sun and the chilly winds that sweep over 
the mho^pitaljle country. The food of the child, til! it euts* its teeth, consists 
only iu the milk of the mother, and ii' that is wauuug or im<uihcieut, there is 
rarely another woman 'to be found that would be wiUing, or, perhaps. In the 
proper condition, to take pity on the poor starving being. I oannot say that 
the Californian women are too fond of their children, and some of them may 
even consider the loss of one as a relief &om a burden, especially if they have 
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already flome small children. I did not see many Oalifornian mothers who 

caressed their children much while they lived, or tore their hair when they 
died, althou^li a kind of dr}'^ weeping is not wanting on j^uch occasions. The 
i'alhor is stiil more insensible, ana docs not even look at his (or ut least Lis 
wife'e) child aa Ions: as it is small and helpless. 

Nothing causes the Californians less trouhle and care than the education of 
their children, which i^s merely confined to a short period, and ceases as soon 
as the latter are capable of making a living for themselves — that is, to catch 
mice and to kill snakes. If the young Oalifomiuus.have once acquired suiH- 
cient skill and strength to follow these pursuits, it is all the same to them 
whether ^hey have parents or not. Motbing is done hy these in the way of 
admonition or instructioil, nor do they set an example v/orthy to bo imitated 
by their offsprinf^. The children do what they please, without fearing repri- 
mand or punishment, however disorderly and wicked their conduct may be. 
It would be well if the parents did not grow angry when then: children ara 
now and then slightly chastised for gross misdemean<»r by order of the mis- 
sionary ; but» instead of bearing with patience such wholesomo correction of 
their little son:? and dangbters, they taivc great ofTence and become enraged, 
especially the mothers, who will scream like fnries, tear ont the hair, beat their 
naked breasts with a stone, and lacerate their heads with a piece of wood or 
ibone till the blood flows* as I have frequently witnessed on snch occasions.* 

The consequence is, that the children follow their own inclinations witJiont 
any restraint, and imitate all the bad habits and practices of their equals, or 
stiil older persons, without the sliglitest apprehension of being blamed by their 
fathers and mothers, even if these should happen to dutect them in the act of 
committing the most disgracefol deeds. The yonng OaUfomians who live in 
the missions commence roaming ahont as soon as mass is over, and those tlyit 
spend their time in the fii'lds go wherever, and with whomsoever, they please, not 
seeing for many days the faces of their parents, who, in their turn, do not mani- 
fest the slightest concern about their children, nor make any inquiries after 
them. These are disadvantages which the missionafy has no power of amending, 
and snch being the case, it is easy to imagine how little he can do by instruction* 
exhortation, and pimishment^ towards improving the moral eonditioii of thesa 
young natives. 

Heaven may enlighten the Californians, and preserve Europe, and especially 
Germany, from such a system of education, which coincides, in part, with the 
plan proposed by that ungodly visionary. J. J. Rousseau, in his " Emile," and 
which is also recommended by some other modem philosophers of the samo 
tribe. If their designs are carried out, education, so far as faith, religion, and 
the fear of God are concerned, is not to be commenced before the eighteenth or 
twentieth yeai-, which, if viewed in the proper light, simply means to adopt the 
OaUfonuan method* and to bring up yonth without any ednca^ion at aU. 

(to hi: continued in the next !;!:poht.) 



* This statoment does not seem to acreo well with the ulkged inditiereiico of the Califonuui 
tromen towards their chilclran, and toe formalities which tho Cnlifomians wefe obliged to 

observe, when meeting with the mothers and other fcmalo relations of (heir wItps, renders a 
total ubaeuce of jealousy among them mther doubtful. Dr. Wuitz haa also polutcU out tho 
latter discrepancy while citing a number ot facts contained in our author's work, (Anthro- 
pnlnn^'n der Naturvoelk(|r, vol. iv, p. ^'n ) My object being simply to give an Enfjlish vor- 
siou ux Baegeri'tt account. 1 absUua iiuxu uii comments on such real or seoming iucougruities. 
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Halifax, Nova Scotia, June 21. 1863. 

During the la«t winter's Bession of the Nova Scotian Institute of Natural 
Science, the Rev. John Ambrose, rector of the parish of Bt. Margarct'u bay, a 
district Ijiug on the Atlantic seaboard of this colony, brought to the<notice of 
die Institnte the existence of extensive beds of reftise shdls and bones, ndzei 
with fragments of rude pottery, and perfect and imperfect flint arrow and spear 
heatls. Cifted with an inquiring mind, the p^ntleraan in question naturally 
conBiUeted that their occurrence was not a matter of chance ; and, following up 
the subject, he ascertained that similar beds had been known to exist on the 
shofes of Denmark and the adjacent isles* nid that the^ had reedved the name 
of J^kken-^no'ddmgt or kitchca-nuddingSt ftom being heaps of refuse shells, 
bones, Sec, tlirown aside by the primitive race of men who, in day? of remote 
antiqnity, visited anntiallv, or dwelt continuously, in euch positions. On perus- 
ing an article published in the report of the Smithsonian lustiiutiou fur 1860, 
which gave an interestine aeconnt of the kitchen middings of Knrope, as sttr- 
v« yc d by the Danish azdheologists, a perfect resemblance to those of the Nova 
BcH)iian coast was at once perceived, in SO far at least as the lew specimens then 
obtained from these lieaps proved. 

To endeavor to make a thorough search, and prove the nature of these de- 
posits, the Gonncil of the Institute of Natural Bcienee decided upon having a 
neld meeting on the spot whero the kitehcn middings lay; and, accordingly, on 
the lull of June last, a large party proceeded ])y landfrom Halifax, the capital 
of the province, to St, Margaret's bay, which is distant, in a 1S;8W. din rtion, 
about twenty-two miles. This bay is exceedingly spacious, runs inland aovao 
eight or ten miles, and is in breadth, perhaps, fire or six miles. A few isiaods 
stand at the entrance as well as at Its head, and long, low, promontoviea, dodied 
with spruce, birch, and maple, stretch into the water at the NE. corner, forming 
Snug covQ^ and pheltered strands. It is on the Fhorc of one of these minor 
bays, having a sandy beach, where canoes could be hauled up easily and safely, 
that the principal ^askken^madding, found by Mr. Ambrose, lay, on a rising 
knoll some twenty feet above the bay at hieh<-water mark. It roms part of a 
grass field belonging to a farm-honse hard oy, and according to the statement 
of the farmer, and the appearance it presents, has been submitted to little, if 
any, disturbance at the hand of man. The deposit apj)earB to have extended 
about fifty yards or more in length by a well-defined breadth of eight yardu. 
Its sniface 19 irregnlarly dcpresMd and dotted over, on its western extremity, 
with granitic boulders of no great sise* The soil which covers the niaas is 
similar to that of the iicld in which it occurs, thoti«»h, perhaps, a little darker in 
coior. It j;rows common meadow g^ass and the ordinary field plants, and its 
depth docb not exceed two or three inches when the shell deposit appears, pre- 
senting a layer of compact shells, perfect and imperfect, in which ue bnnes 
aninialB and birds, flint and quartz arrow and spear beads, lai^ and small teeth, 
and broken pircfs of very ron^jhly made pottery, bearing evident traces of 
attempt at ornament. Tliirf pottery \v;ib very dark in color, and contained in 
its substance grains of granitic t»and, aud mica in q^uantitj. l;'rom the pieces of 
rim obtained, judging ii-om their corvatnre, the earthen Tessels could scareelj 
have exceeded the dimensions of a qoart bowl. These bowls or cups niiBl 
have been in comnuMi nse, as the f^ygmenti occur in some plen^. 'No tncss 
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of implemonts dmotmg any tamstsmi witB ilie later inm age oeetmed, and the 
only objects on whieh the ajrCof man had been practiced beyond the pottery and 
fliut weapon-licads were bonefl shaipeaed into awls, one of which waa obuuned 

in a very perfect Htatc. 

lu the midst, but more abundantly at the bottom, of the refuse deposits 
oeemred roanded atones* from the siae of a man's clenched hand and npwaarda, 

bearing evident traces of having undergone the action of fire. These stones axe 

iwreciscly tiimilar to those found on the beaeh benoaHi. 

At the bottom of the refuse heap, which occuiTed at a distance of eighteen 
bichcs from the soi&ce, a layer of black soil caoic two inches thick; then a 
layer of white brown sand of the same thickness ; then came a reddish colored 
earth, getting lighter as the spade went down, until the original foundation of 
hardened drift proclaimed no further investigation necep?ary in that direction. 
Taking a general view of the surface, the observer naturally snpposed that the 
rounded granitic boulders which lie scattered on the heap had aii'orded seats for 
the primitive people, who rudely cooked their ftod at this enesmpment on the 
edge of the wud ibrest ; nor was the suppositimK inconeet, Ibr on digging aroond 
these boulders greater masses of shells, and more evident traces tff fire were 
apparent than in other parts of the heap. The charcoal, in Rome instances, had 
- lost but little of its former consistency, while in others it powdered into dust on 
being handled. This probably arose from the nature o£ the wood, some kindf 
affoi^g a hard chareoal* and others soft. 

The Fauna of this Nova Sootian Ji^akkm-nueddtng, so far as it could bo 
ascertained, wns as follows : Of mammals, the Tnoof?e, f Cerrus r/Trrt.) the bear, 
f Urstm americanus,) the b^'aver, ( Ca.^for ranadejisis,J and the porcupine, { Hys- 
trix dorsata,) were noticed ; the bca\ er and porcupine by their teeth, which, from 
their brightness and compactness, might just have been taken firom the jaw. A 
beaver's tooth had the root part rubbed, and smoothed to a head, giving, with 
its chisel-like point, the appearance of an instrnment for cutlinj^. Borae of 
these teeth were jagged on their cdfi;e3 as if by artificial means. The bones 
of the animals had been broken, and, with the exception of a few very small 
ones, none were obtained whole. Of birds, there were the bones of afferent 
species, some very large, and evidently belonging to a bird much larger than the 
great northern diver, ( Colymbus glacialu,) which is one of tlie largest wild 
birds in the colony at the present clay. Tb'^ b rd bones were also more or less 
broken, and one in particular had been opeucd by means of a cutting instrument 
down the aide. Cn fishes, the vertebrae of two or three speciee, the laigesl 
measuring about an inch in diameter, while two or three specimens of the opeiw 
cnlar spines of the Norway haddock, ( ScJiaftfes nonrcgians.) wcro procured 
among the debria in a perfect state, which led to the supposition that they were 
used for some purpose, such as pricking holes. Of moUusks, the most commcHn 
were the quahog, ( Venut merceitaria,J cl«m,/Jlftfa armaria J scallop, fPeeim 
i$landicKs,J Crepidula fcmiaUa and MytUus edulit. Of the two foi:mer spedea 
nearly the whole mass of shell consisted. The mussel shells had bee<mie so 
friable that the -li-'litest touch was sufficient to break thcra. 

Time did not permit, however, a closer examination to be made on this first 
▼isit to the mounds ; but hoiuq members of the Institute, aware of the interest 
attaching to the sntgect, have deciM upon campiog out during the ensuing 
summer in the vicinityof other deposits known to exist in various places, and 
hope, by thnronghly excavating the several mounds, to bring to light specimens 
■which will doubtless help to prove the age in which they were constructed, and 
the similarity which existed between the manner and customs of the race who 
filmed them* and the constructofs of tbose placed in like positions on the ahoiei 
cf Denmark and Northern Europe. 

T. M. JONES, 
i'residaU qf tM JbuiUute qf Natmral tkiencti, t 



Digitized by Google 



ABSIMCI Of Ifl£ FIFIH £EPO£T OF Dfi. ££LL£fi 

LAOUSTBIAI!) fiiiiTTLEMENTS. 

* 
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In Jiumary, 18.04, certain -vvork?, undertaken on the shores of tlic Lnke 
of Zurich, at Obermcikii, brought to view, with the mud and ooze from the 
bottom of the water, aa asseiublago of ancient remains, together with piles. 
Dr. Keller, prendent of tlie AichsBological Society of Zuicht pvblishecl in the 
apring of 1854 a first rcnort respecting this discovery. It wa^ ,i lirief but Indd 
description, accompaiiied Avith numerous figures, and the conclusion was crcn 
then arrived at that tL( ro liad existed in ancient times, at the ])nint in question, 
habitations built upon pile-work. Discoveries of the same kind were rapidlj 
molnplied in Switiedand, few aavants posBessing, in an equal degree with Dr. 
Keller, tilie art of guiding and enconiaging others in the lahors of research. His 
i^rrespondeuce forms a connected course of instruction, strikingly recommended 
by the unaffcctid liberality whicli j)ervades it, and which naturally evokes a 
reciprocal spirit of flunk communication in regard to ail new fticts and observa- 
tions. To this concurrence of efforts, directed to different points, which, taken 
•epanitely» wonld have been of little avail, we owe the rapid development of 
Swiss ardMBology ; and it is this also which has enabled Dr. K( Her to publish 
a ppcond report on lacnstrian habitations in 1858, a third in ISGO, a i'ourtli ia 
ISGl and now the litth, with which we arc nt this moment occupied. These 
several reportji are all distinguished by an afilueuce of well-ascertained facta, 
and of accurate figures* as well as by the absence of those idle discussions 
and fantastic reflections which are still but too rife in matters of arclueob>gy. 
Nor is it a circumstance unworthy of notice that even our neij^hbora of Italy 
and Germany have contributed to swell this fifth report by valuable communi- 
cations preseutcd under their uwu names; fur Dr. Keller is of that class of 
savants who conscientiously render to each whatever is his due» and willingly 
withdraw themselves fipom notice in order to give greater prominence to the 
merits of another. 

Unfortunately Dr. Keller only publishes in German, whence his reports, 
though now and then containing an article written in French, such as the ex- 
eellent paper of M. h. Bochat on the kcnstriaa habitations of the neighbor- 
hood of Yverdon, are too little known in certain countries. There should be a 
French publication recapitulating the labors of the savant of Zurich, but a 
natural repu«^nnuce is felt to undertaking such a work while progress and dis- 
covery are still in full career. We shall, 'therefore, con£ne ourselves to a 
simple review of the fiflth report, which is before us. 

This report commences with a notice of ten pages on the Thramara de 
rJBmSuh t>y M. P. Strobe, professor of natural history in the University of 
Parma, and M. L. Pigorini, a young archaeologist of the city of that name. 
The German translation is from the pen of M. Strobel, wlm speaks and -virrites 
German perfectly welL Three plates, comprising eighty -mue ligurcs, accom- 
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pany thia notice, whieh xeflembles those given hj Dr. Keller in it» avoidaiMiii 

of all useless phraseology. 

In the tluchy of Parma there occur, iu the level tracts bordering upon rivera, 
deposits oi' a peculiar nature, which have been for some time employed, under 
the name of temunaia, in the culture of lands. They are aecomolationB of a 
marshy nature, interspersed \K;ith beds of river ooze, of charcoal and cinders, 
through the wliol- r,f v. liicli are thickly strewn the crushed bones of animahl» 
pieces of wood, tra^meutri of pottery, and div(^rs objects in bone, in stone, and 
iu bronze, it is apparent that man ouco iuhahiled these places, liabl(> as they 
were to oceasional snbmersion. At one point ihege was fonnd, in good preeer- 
Vation, a floor built upon pilcy, ^vbich had been planted in a marshy s^oil be- 
neatli shallow water, which, by the accnmnlation of solid material, had since 
become dry land. 

The brouiju articles occuring in the terramara • aie hatchets, reaping-hooks, 
Lmce-heads, poniord-bUdes, hair-pins, a small bronze comb, chisels, and awls, 

die whole being of the kind met with in Switzerland and the norUi, and re- 
garded as eliaractcristic of the age of bronze. The pottery is coarse, rotnpnacd 
of clay mingled \\ ith sand, rudely shaped by hand, without the use of the wheel, 
as is still practiced iu villages of the Appenine in preparmg uteusils intended 
to resist tne action of fixe. The vase.^ present a peenliaiity, not as yet else* 
where observed, in being often furnished with small handles, drawn out into 
variously shaped horns and knobs, and sometimes ornamented with stripes. 
S|MnrlIo whirls, plain or striped, are of frenucnt occnrrence. Among^ the objects 
01 buue may be mentioned two combs, embellished with carvings in the manner 
of the bronze age, and among those of wood the remnant of a wicker basket. 
The remains of animal bones have been carefolly studied by Professor Strobe!, 
who, after having compared them with those of the lacustrian settlements of 
Switzerland, described by Professor Rutimeyer, of HA-le, has hfid*the satisfaction 
of seeing even the most questionable of his decisions coniirmed by the last- 
named savant. The species thus far recognized by M. Strobcl are : remains » 
of the ttesr, the wild boar, the roe*bnck, and the stag ; and, of domestic animak, 
the dog, the horse, the ox, the hog, the goat, and the sheep, all of them races 
occun-inp^ in the lakes of S\\ itzerlaiul. To this list should be added some re- 
mains of birds, and, amon^j: others, of the domestic fowl, with those of terrestrial 
and iiuviutile molluska, still found alive |n the country. The vegetable king- 
dom has eontribnted Tarions kinds of wood, wheat, ftriticum iurgtdumtj beans, 
hazel*nats, peaia, apples, service-berries, acorns, and the capsnles which enclose 
the seeds of flax. It would appear from tlie collective circumstances that tlie ter- 
ramarji represents wliat may be called the k'lti'.hcn-nuddiim ( /ija:kkenrmmdduigj 
of the age of bronze, formed iu co-operation with the alluvium of rivers. 

Laciuirian tettlemeni ai Petehieraf on ttoke Garda, in Italy.— de Silber, 
Anstrian officer of engineers at Verona, reports that, iu dredi^in^; at the entrance 
of the port of i'escbiera, remains of pile-work were found, entirely buried iu the 
mud at tlie bottom of the water, while the mud itself contained numerous ob- 
jects iu bronze, of which Dr. Keller gives three plates of figures. These con- 
sist of poniard-blades, liair-pins of varions shapes, hooks, or small fish spears, 
a knife, and some small remnants of clothing, all bearing much resemblance 40 
those taken from the lakes of Switzerland. Among these objects from Peschiera 
are some of copper, which leads Dr. Keller to dissent from the generally re- 
ceived idea that the age of bronze, properly so called, had its origin in Asia, 
since Enrope would then have had no age of copper, forming the n^essary 
stage between the age of stone and that of bionse. Ur. Keller pi-esents, in sup- 
port of his opinion, a plate comprising the figures of twenty-eight objects of x^H 
copper, chiefly hatchets and coins, found in Hungary and Transylvania, and 
he adduces the testimony of a friend of his, who resided long in Hungary, and 
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'iAo nBrm that these objects of ebpper afo fi^nent in the e o nn'triea of the 

lower Danube. 

Lacmtrian teffjemmf^ of the XJnterscc, fJiat is, of the portion of the haJiC of 
Constance to the east of the ritij of Con tta/irr. —Yor seveml years iin extensive 



and a half &om Stein, had been need, with a rww to the tiade in anrK|aitie8, 
hj one Lcehle, onder the direction t^f Dr. Keller, who has spoken of this locality 

in prfvions rcpnrt«. Recently M. K. DohofT, employed in tlie customs of tlie 
grand duchy of Baden, has explored the whole B.ulen part of tiic Uutersce. 
and his account, occupying nine pages, ia given with the t^kill of a maiiter, aud . 
the preeieion of a mathematician, many of the obeervations aheady made at 
Wangen are here reproduced, but several interesting leenlts of a general natare 
flow from them. In the ih-t ]ilace, there is the absence, iu all tui.s region, of 
pile-works belonging to the age of brousiie, all those explored up to ff.i^ time 
having furnished, besides pottery, bone, buck-horn, Slc,, only stone, without 
any trace of metal» which does not import, however, that none will ever be 
Ibnnd. Another cmione ranunrk is, that silex of foreign ptodnction oeenrs, un- 
shaped and in abundance, at certain localities, denoting:; a place of fabrication, 
while elsewhere it i:^ wholly wanting, as if the division of labor had existed, 
not only among individuals of the same settlement, but among the lacustrian 
village^, to some of* which the prepamdon of instrameots of suez, fi>r the com- 
tton supply, had been specially assigned. It is also a striking circumstance 
that in these settlements without metals are not unfrequcntly found hatchets 
of serpentine of excellent form, so ingeniously and even ornamentally wrought 
that we might be inclined to refer them to a later age, characterized by greater 
advances in art, and by the employment of bronze. On the other hand, such 
handles of bnck-hom n>r the stone wedge as are fonnd at Meilen, at Moossedorf, 
and elsewhere, are almost entirely wanting in the Untersee. Here the usual 
form of handle for the stone wedge was the Vtrniicli, bent and notched with a 
ligature to retain the wedge in the notch. Two plates, with twenty-seven fig- 
ures, accompauy the memoir of M. Dehoff, comprising, arnon* others, the plan, 
with sections, of the pile>wotk near Allensbach, the place of each pile being 
Indicated, which gives, for the first time, a complete and conect idm of the 
subject. In concluding, M. DelioflT ftn-nishcs also some information re?!pecting 
the prolongation, towards the northwest, of the Lake of Constance, called 
Ueberlingersee, which presents, in respect to lacustrian settlements, the same 
featnres with the TTntersee. 

T^ic faschie-work of Nicder- Wyh near Frauenfelif canton of TkurgOM*"'^, 
Keller, while he gives the French term fa-^rinage, calls it in German pacTc- . 
werkbau, corresponding somewhat to that which is known in Ireland under 
the name of cramoge, A small lake, or, more properly, a natural pond, filled 
with peat, was snbjeeted to explomtion. At one point the workmen reached, 
at a depth of from iwo to three feet, under the surface of the peat-moss, a cndI' 
lection of wood aiul solid raitter, forming a sort of isle of about 20,000 square 
feet, around which there was a depth of eight or ten feet of the peat before at- 
taining the ancient bed of the lake. .This isle was ascertained to be an artificial 
ftonstmcllon, tHiich had served as a fbnndation for habitations'. To the selected 
point in the lake it seems that h>gs and boogfas were brought, bomid together 
in rafts, and loaded with sand to make them sink, piles being driven around to 
mark the limits of the constraction, and the operation repeated till it r'i<e above 
the surface of the water. A floor of logs, in close juxtaposition, was then laid 
npon sills regularly arranged, and this floor was covered with a layer of com- 
pacted c]ay» upon which the dweUinga were erected. These dwellmgs were 
rectangular, being, on an average, twenty f5^t long and twelve widei The 
walls, parts of which were still in place, were formed of fogs split into rough 
boards, confined between stakes or posts planted vertically at suitable inter- 
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vals. In Iho comer of onn of tliese dNrellings there was found a hearth formed 
of unwrought iiag-stoiict*, still covered witli coals and cinders. The floors, 
having sometimes sunk, at one puiut or other, to the exteut of several inches, 
ev&k a foot or more, die level had been restored bj £lling up the cavity. It 
would seem, in some instances, that the entire floor had sunk beneath the level 
of the water, and new ones hoon constructed above, since the remains of articles 
of domestic use or production occur between the two courses. The dwellings, 
which se.em to have been covered with thatch, were distant from one another 
onij two or three feet, and it is in these interstitial spaces, where tlie floors 
were more or less interrupted, that the remains of human industry have been 
chiefly discovered. This settlement bears no marks of having been destroyed 
by fire ; it appears* to h:ive been voluntarily abandoned. At all events, its re- 
mains are the most complete and best preserved which have been yet dis- 
covered in Switzerland. 

The coBStractiomi discovered by Colonel Suter,'of Zoflngueu, in the peait* 
moss of Wauwyl, mucli resemble those just described, only at Wauwyl thejT 
are more primitive and le.-s skilfully combined, althoii;j;li iho.se of Niederwyl be- 
long to the age of stone, as well as those of Wauwyl. The researches at 
Niederwyl have disclosed hatchets of stone, wheat and tissues of flax, both 
ehanred, fragments of pottery, and bones of animals, which bad served for food. 
We owe this Interesting discovery to the zeal of IL Fnpikofer, who has saper- 
intended the excavations made by M. l^res.^Ikomraer. 

Liarmtrian sctilcmpnt near Zug, described by Pro fessor Maldhrrg, of Zug. — 
In the suburbs of Zug, on the road leading to Chain, workmen were digging 
the foimdatix>n8 of a hoase, when, at a depth of five feet, a dark-colored bed <A 
decomposed organic matter was encountered, in which were found hatchets of 
stone, fragments of silex, hnlls of hazel and beach nuts, apple-seeds and atr'iniil 
bones, togi-lher ^\■ith the top.s of stakes planted vertically, on eome of wliicii 
Still rusted cross-pieces of wood. Uere, there were evidently the remains of a 
laenstrian settlement of the age of stone, embosomed in the solid earth whieli 
had gradually encroached upon the lake. The bones have been examined by 
Profe?por Rutimeyor, of Bale, and he Iia.-^ di.-tiuguished tin' cow, of that race 
which he names afier the peat, the peat ln>^, the peat d )g. tlie roe ajid the deer. 

Settlement of Ebersberg, canton of Zurich, — in a sequestered spot, at the 
back of a hill called the Ebersberg, near the Rhine, ancient remauas have been 
found, which M. I] i her de lierg has described in vol. \ ii, 4th part, of the Me- 
moirs of the Aielia oln^'ieal Soeii ty of Zurich. M. Ilrfcher resumed bis re- 
searches in 1SG2, and has drawn up an acconnt of liis explorations, which were 
continued for 64 days. This site has a peculiar interest, for it presents the re- 
mains of a settlement on terra firma* and an assemblage of oojects entirely 
corresponding with thosb which characterl/e the lacustrian habitations of the 
age of bronze, for instance, in the lake of Bienue. Under 5 or 6 feet of detri- 
tus, an ancient surface of well-rammed clay was bronght to light, and on this • 
surface were discovered near one another the remains of two rectangular ovens, 
5 to 6 feet long by 3 broad, formed of siliceous pebbles and clay mixed with 
mncb sand. Beyond these there was a pavement of pebble stones, and it was 
on these substructions that the bed containing antique articles immediately 
• rested, while the thick mass of superincumbent humus was entirely destitute 
of them. In the bed spoken of, the very first excavations had yielded a cres- 
cent of stone skilfully cut. In the recent excavations a second crescent has 
been disclosed, but composed of baked cky, precisely like those taken by Col- 
onel Schwab from the lake of Bienne, and which were probably used in the 
religion- rites of the time. These later researches have also yielded : fr.ignieuts 
of lliut, wedges or hatchets of serpentine, stones for crnsliing grain; and, of 
bronze, two knives, some dozens oi" hair-pins like those of the lakes, several 
small chisels, an arrow-point* a number of rings and of pUtes of metal oib«« 
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mented with lines. Other objects obtained are : a bead of glass or of blue and 
white enamel, such aa we now havo from tho lakf^s of Bieuno and Nonfehatel ; 
buck-horns carved ; fossil teeth of iho shark taken from the inolat^se of the 
country ; spindle-whu-ls of baked clay ; pottery, like that of iho bronze-sites • 
'fai the lakes; cones of -baked clay, witb a bole at top, designed doubdess as 
* weights to stretch the tlm ads in the process of weaving; and pieces of the 
clay facings of the walls of wicker-work, bearing the iraprespion of the branchp3 
or oriicra dcstroyofl by fire, liono.s of animals were hy no means wanting, aud 
they have bcyu aacertaiued by i'roferidor Uutimeyer to pertain to a cow of large 
speeies, to the bog, tbe goat, the deer and the roe-back. 

hacmtrian settlement of Rohenhauscn, at Lake Pldffikon, ca n ton of Zltru^.—^ 
Of this notice lias been taken in previf)us j)ul)licatii)ns of Dr. Kelhn-. ^I. ]Mes- 
sikommer continncs to make explorations, leadiuj^ to interesting obscrvatious 
and to the discovery oi objects, often of great curiosity, which, after having 
snbmitted tbem to tbe mspection of Dr. Keller, be olFers for sale. This locals 
ity is sitnated in a mosB, at the cast end of the lake, which there bad but little 
depth, and where the growth of the peat has by degrees advanced the limits of 
the dry land. To arrive at tiie bed containing piles and antique o>)ject?i, it is 
necessary to remove some six feet of peat ; this re<][uires long continued exbaus- 
tioii, but the objects axe in a'remarkaole state of preservation. The report on 
recent researches is drawn np by M. llesstkommer, who even indites some 
pleasing Terses on the occasion. Ho has remarked that the objects are found 
more or leps grouped, according to their nature. Thus, at certain points, char- 
red cereals occur in abundance ; elsewhere flax prepared for spinning ; further 
on there may be flax woven or platted, and at still another place numbers of 
tbose p«forated cones of baked clay which pertained to tectorial operations. 
At one point If. Messikommer discovered that under the floor of the ancient 
dwelling there waf a formation of peat from 2 to 2A feet deep, beneath which 
was found anotlu r iioor, still moi*e ancient. We must infer that the phicc was 
long inhabited aud during the age of stone, for not the least trace of metal has 
been met with. 

The new acqnisitions at Ilobenhausen, to which Dr. Keller has appropriated 

two plates, are: a canoe formed of the liollowed trunk of a tree, 1*2 feet long 
by 1^ wide, with a depth of 5 inches (the Swifs foot has 10 inche.s and is 
equivalent to 0.3 of a meter;) some well fashioned bows of yew wood; an 
arrow point of silex, still attached to its wooden staff by means of flax thread 
and mineral bitnmen ; a hatchet or wedge of stone fixed transversely in a 
wooden handle, somewhat club-shaped ; another hatchet of stone fixed in a piece 
of buck's honi, which again was fa!<tened transversely to the liandle of wood. 
This last arrangement was also mot with at Concise, but the stupendous im- 
postures practiced at that locality throw sns^cion on whatever comes firom it, 
especially when it is known that tbe coonterfetters went so far as to 'cast their 
own fabrications into the lake, that they might be afterwards drawn up by the 
dn'df:^e before the eyes of the amateur?. At Robenhausen, diver.s articles of 
wood also have been collected, such as knives, basins, implements which served 
perhtyps for beating butter« and large spoons like those for skimming milk. 
Ammg articles of flax, recently obtained, may be mentioned a portion of a girdle 
or ribbon quite skilfully woven, so as to present a small figure in squares of 
very neat appearance; also remnants of fishing-nets, with meshes measuring 
0.05 of a meter on the side; , and, lastly, a bit of cloth to which a pocket is at- 
tached by sewing. * ' 
SetdemeiU m the lake of Bourget, in Savoy. — Baron Despine bavins drawn 
a^Qtion to a pile>work in the lake of Bourget, the Savoyard Society of history 
and archaeology caused reseaches to be m i le. nndcr the direction of MM. Des- 
pine and Delaborde. M. llabut Laurent iias given an account of them, in the 
Balietiu of the above Society, firom ISGl to 18G2, second number, p. 44, and 
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this report is here repablfehed by Dr. Keller. At tbe point in qneBtiou there 
have l»eii fbimd articles of pottery, calcined bones, a stone hammer, a email 

bronzo rin*^, oars of whfat, acoms, hazelnuts, cherry-stones, grains of millet, 
and, what has not been yet met with in Switzerland, hiiJ'ks of chestnuts. Professor 
Desor alao haa made explorations in the lake of Jiourgct, ; andM. Louis Rcvon, 
the zealous and able diiector of the mnaenm of Annecy, has commenced them 
in the pile-work.-^ of the lake of Annecy. 

Jjuh'.' of Xt Hrhdff'L tinc discnrrnr^ of Colonel S -//>r(/h, 1 plafes, rompri!iing 
71 Jijpirea. — ^ Tln' iadcikligablo coluucl has cjinsod (ln-<l*riiii:;r^ lo be ext riucd at 
several points and lia.-s considerably enriched his admirable collection at iiienne. 
Certain objects reappear in indefinite nnmbers, sncb as hatr-pins 6f bronse, bnt 
from time to time new and curious articles repay the zeal of the aatiqnaiy. 
We may distinguish of this t-l.-i'^s, a wli* cl of cist Imm/.e, 0.49 of a metrr in 
diameter; it fonr radii, which, equally with tlio jxTiinctor. nrp hollow. The 
uavoi/ttlao hollow, is prolonged on both sides, making its entire length 0.50 of 
a meter. Kear this wheel, thirteen smaU objects of die oreseent-moon shape 
wore found, each with a handle perforated at th( • nd» as if to suspend the ob- 
ject, which is of bronze cast in a single piece. These, as well .as the wheel, 
were porlinps employed in some rrlig^inns ceremony. Similar small crescents 
appear also in the exquisite collection of Madame i^'ebvre, of ChiscuU at M4coa, 
a Jrreodi lady» whose 83 years place in stronger relief the artistic discrimination> 
as well as the rare and high-bred courtesy of the venerable own^. Amone 
the new acquisitions of Colonel Schwab wo should further specify a sling of 
platted flax, exactly like one brought from the Sandwich l?1and^?, and to be seen 
in the museum ot Berne; also several beads of amber, and others, oblong in 
form, of blue glass or enamel, aronnd which is encrusted a spiral of white enamel. 
These glass beads have been met with at four stations, whose charaeteristics 
clearly assign them to the age of bronze. In Mecklenberg, also, beads of bine 
gla-^.-*, but of tiimplo formation, have boon twice found in tombs of tliat age. 
Ir is to tlic age of bronze, then, that we must refer the app^'araiicf of glass, but 
only ill the shape of such beads ; and even these are extremely rare at. that 
epoch, at least in eonntries north of the Alps. 

Of all Colonel Sehwab's discoveries, th(^ most curious is the product of a 
station of tho ap^e of brnnTie near Co itaillod, ht-iivj: a di.^h in terra cotta, fash- 
iout d by the uuas.^isted liaiid, h iviiig a diameter ot 0.39 of a meter and a height 
of 0.4 of a meter, and inlaid on the inner surfacd with small plates of tin. 
These plates, which are themselves embellished with carved lines, are so ar- 
ranged as to form a geometrical design surprisingly ric-li and ingenious, com-* 
prising among other.-? a circuit of figures, which recall those, in the Grt'ck man- 
ner, seen on Ktruscau vases. The surface of the vessel had boon bl ackened 
and rendered lustrous by being rubbed with graphite. It has not been ascer- 
tained by what means we tin was made to adhere to the enr&ce of the material. 

The above notices arc followed by some aeconnt of the stiitiona of pile-woric 
in the lakes of Sempacli, llalJoirg ;ind ^lauen, and by a brief memr>ir of pro- 
fessor Deicke on the reseurchos mado by Ullersborgor of Uborliuger iiv the 
lake of Constance. The publication of Dr. Keller concludes with 7 pages of 
remarks on the book entitled LaeuHritm Habitntitms Amsknt ana Modem 
Times, hy F. Tfoyon. After having long kept i ice, Dr. Keller at length 
raises his voice to roctify tlio orror.=^ and refute the absurdirios of the book in 
qno>tion; a book which to'iida to induce obscurity, when* it wonld bo so de- 
sirable to proceed by sober investigations, set forth in simple and precise terms. 
Dr. Keller ineidentally notices that his own reports have 1x»n entirely absorbed 
in the work of M. Troyon. The distinguished savant of Zurich could say bo 
more, for he is not one to complain of having beon unfairly laid under contri- 
bution. In the remarks spoken of, ho shows that the collective phenomena of 
lacustrian settlements seem to evince a gradual and peaceful development of 
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civilization in Switzerland, from the age of stone to the Roman epoch* witihoat 
an indication of violent social convnlsiona or indastrial revolutions, aaddeokljF 
5!Mperinrlncpd hy external and intrusive influence?. Tt doubtless picturesque 
to burn periodically, as M. Troyon docs, all ihe lacudtnau cities and to massa- 
ere their population. But it is more rational to recognize, as Laplace did at 
the dose of his long and brilliant canary tfa«l what we know is Ittde, while 
what we do not know is inimenae I 

, . A. MOELOT. 

P. S^Tbe aerentetoth plate of Dr. Keller is not alluded to in the text of 

the report ; it contains plana of the lakes of Neucliatcl, Biennc, Morat and 
Sempach, with an indication, according to the researches of Colonel Schwab, 
of all the Incustrian stations dipcovered, distinguisliinn^ them as reppeetively 
dating from ihc age of btouc, of biouze, of iruu, or liiially from the Itomau 
enoeh, for there are a few where Boman ohjects have been found. Professor 
vogt has pnblished a work on man, Vorlc.mngun neher den Mcmchen, in which 
he severly criticiHcs certain parts of M. 'I'royon'.s " Lacnstrian ITabitation?/* 
upon which Dr. Keller had not ani^indverti d ; and the central organ of German 
archscologVy published at Xurnberg^ Ameiger/'ur kunde der dtuUchen, vorztUt 
equally takes ground against IL Ttoftai*B booL (See Beilage* No. 10, Oeto* 
bsr, 1868, page 373.) 
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KOBTH AHEBIOAN 8T0HE FEBIOD. 



BY 0HA8. BAV, OF NBW YOBS. 



MY'eoHMtlon of Indian stone implements contains a number of specimens 
remarkable alike for large size and superior workmanship, which, to all appear- 
ance, have bocTi iipc^d for agricultural purposes Ly the aborigiue« of this country; 
and, as no dt\<cri[)lion of similar relics lias appeared as yet in any modern work 
on North American ethnology or autic[uities, a notice thereof miglit be acceptable 
to all wbo take an interestln the former condition 'dT the aboriginal inhabitants 
of North America. 

The implementf in question are of two distinct fomis, represented in tlic wood- 
cuts, figures 1 and 2, and may bo classified, from their Bhape and probable 
application, as shovels and /wes. The material from which they are chipped, 
and which L never soceeeded in diseorering m niu, is invariably a veiy hard 
flint of a blnish, gray, or brownish color, and a slighUj eoncboidal fracture, and 
quite unlike that variety of flint of which the anow and spear heads oconnmg 
in the west are uauaUy made. 

Hg. J. Fig..a^. 




Fig. 1 represents one of the shoyels in my poBSesdon. Like all other spec!- 
mens of thi.s kind, it is an oval plate, flat on one side and slightly convex on the 
other, the outline forming a sharp edge. It measures above a foot in length, a 
little more than five inches in its greatest breadth, and is about three-quarters 
ci an inch thick along the longitndinal diameter. The workmanship exhibits 
on admirable d^ee of skill. Besides the specimen just described, which was 
discovered in a field near Belleville, St. Clair county, Illinoif^, I possess two 
others of similar shape and workmanship. The one of these last named I found 
myself within sight of the eelebrated Cahokia temple-mound in Illinois, in the 
eonstmetion of which it may have assisted eentaries ago ; the other was dug up 
in 1861 In Bt. Loois, while earthworks were bnilt by order of General Fremont 
for the protection of the city against nn apprehended attack of the southem 
secessionists. When attached to solid handles, these Stone plates certainly con- 
stituted very efficient digging implements. ^ 

Fig. S UDliistnitee the shape of a hoe. This specimen, which was obtained 
firom a burial-mound near lilinoistown, opposite St. Louis, is seven and ft half 
inches long, nearly six inches wide, and about half an inch thick in the middle; 
the iDand part ia worked into a shaip edge. Another specimen of n^ collec- 



Digitized by Google 



380 



ANTIQUITIES. 



tioQ, of equal workmanship but inferior m sise, was fonnd* after a heavy ram» in 

a garden in the city of Belleville. The fastening to a handle was facilitated by 
the two notches in the upper part, and, in order to constitute a hoe, the handle 
wuH doubtleriii attached iu Buch a miumer as to form a right or even au acute 
angle with the stone plate. 

If the shape of tlie described implements did not indicate their original rue, 
the peculiar traces of wear which tliey exhibit would fomish almost conclusive 
evidence of the manner in which they have been employed ; for that part with 
which the di^-^ijin^ was done, aj)])( ars, notwithstanding the hardness of the mate- 
rial, perfectly smooth, as if glazed, and slightly striated iu the direction in which 
the implement penetrated tne ground. This peculiar feature is .common to all 
specimens of my colh ction, and also to the iew which I have seen in the pos- 
session of others. 'J hey seem to lio rather fscnrce, and merely confined to the 
Sratf\-^ hordfring on the Misi^ia^ippi river. Dr. E. li. J)avi^, of New York, has 
none of theiu in liiii excellent and comprehensive collection of Indian relics, and, 
consequently,' does not describe or repieeent them in his work on the " Ancient 
Monumentti of the Mississippi Valley," formin^^ the first volume of the Smith- 
sonian publications; nor nm I aware that Mr. Schoolcraft has mentioned thent 
in hi.s largo work on tho North American races. 

A passage in the " History of Louisiaua," by Du Pratz, refers, doubtless, to 
the implements described by me as hoes. In speaking of the agricultural pur- 
suits of the Indians of Louisiana, that author observes, they had invented a hoe* 
(pioche.) with the aid of which they prepared the soil for the culture of maize. 
" These ZfOM." be says, "are shaped like a capital L ; they cut with the edge 
of the loicer partt which is entirely Jlaty* It is true, lie does not mention of 
what material this "lower part" consisted, but we mav safely infer that it was 
stone, the substance from which the aboriginea of North America manufactured 
nearly all their implements of peace and war< They had no iron, and the 
scanty supplies of native copper, derived from the re^on of Lake Superior, were 
almost exclusively used ibr ornamental purposes. 

♦ The fiict itself that simple agricultural utensils of Lidian origin arc occasion- 
aQy met with is by no means snrpruing, for we know from the accounts of the 
early ^writers that many ot the North American tribes raised msiee and a few 

other nutritious plants before the arrival of the Europeans on this continent. 
Maize was*, however, their principal produce, and that on which they mainly 
depended. In d' scribiug the iU-futed Mississippi expedition of Do Soto, Gar- 
cilaso de la Vega speaks repeatedly of the extensive maiie fields of those Indian 
tribes through whose territories t liat band of hardy adventurers passed. During 
an invasion of the country of the .Beneeap, made as early as 1G87 under the 
Marqni,- (1<> Nonville, all their Indian corn wa.s burned or otlierwi.-^c spoiled, and 
the (j[uuiituy Uius destroyed ia said to have amounted to 400,000 minots, or 
1,200,000 bvBheh.t It is even asserted by Adsir, that die colonists obtained 
from the Indians " different sorts of beans and peas with which they were before 
Entirely unacquainted." f 

From tbe.^e and other fact.-*, which need not be cited in this place, we le.im 
that the North American Indians generally, though warriors by disposition and 
hunters by necessity, had, nevertheless, already made some. steps towards an 
agricultural estate. But the events tliat happened after the arrival of the whites, 
instead of addin<,' to their improvement, served only to lower their conditicni* and 
reduced them* finally, to the position of strangers in their own land. 



* Ces piocbe^ sont faites commc une L capitale; elles tranchent par les cotes da bout bas 
qniest toot plat— Aickym rf« te LMttmaii^ par IL Ls Page do: Flc^ 175d,)TOLii, 
p. 176. 

t Documentary Iliatory of New York, vol. i, p. 238. This estimate may lie somewhat 
exuffp^erated. 

% The Ui«tQiy of the Americaa Indians, by James Adair, (London, 1775^) p. 408. 
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ANCIBNT FOBT AND BUBIAIi-GROUNO. 

■ » • 

PiiuiiY City, New Yokk, January 25, 18G4. 

The reraaius of au ancient fort aud burial-ground exist about one-half mile 
northwest of Waterburg, a small village in the town of Ulysses, Tompkins 
oonnty, New York. When the conntij about here was imsettled, some eizty 
years ago, the remains of this momnnent of a former period was plainly to be 
Been. The fort (by wliich name it is called and generally known about here) 
was pitimtrd on a y'iac, of ground some twpnty-five or thirty foet above the level 
of a titream of water — Tanghauic creek — large enough, when the country was 
new, to nm a saw-mill four or five montiis of the yeart the eteek forming the 
southeastern bonndary of the lot. 

The ''fort lot" contained eight or ten acres, perhaps, and around its eastern 
and northern ^ides an embankment was thrown up several Ix'ct in height. At 
this time it is not more than one foot, or near that; but, ii)etbre it was ploughed^ 
it was considerably highef than at present At the northwest extremity of 
this embankment a ditch was dng at right angles to it. Around the outside 
of the embankment po'ta were set, which, perhaps, served the same or a i^imilar 
purpose to that wliich our fence-posts do now. Tlieno posts were set into the 
ground to a depth of three f<^t, and judging from this we should be led to con- 
elnde that thej extended abore ground eight or ten feet. On fhe west side 
there were thiee rows of posts, but no embankment that conld be discovered. 
But it is very probable that the ditch, of which I have before spoken, extends the 
whole length of the west side, though it can now be traced but a little way. 
At the northeast and sontlieast comers there were gate-posts set, where the 
gates were situated, which afforded egress and ingress to the camp. The south- 
east gate was calculated to afford a curect passage to the stream of water before 
n^ntioned, while the other one led directly to a burial-ground. On the southern 
and Fontlieastern sides tliero is a bank fifteen or twenty feet in height, anrl 
pretty bleep. l*o6U were here set part way down the bauk so that a bridge 
might be formed over the bank for some purpose besides preventing any one 
fitom enterine from that »de. Ifr. Jonathan Owen, (an aged farmer mo resides 
near the fort^ from whom I hare mo.^t of my information, thinks tiiat llie inhab- 
itants of the enclosure had access to the creek by an underground passa^. Let 
this be as it may, it is very evident, from the a])pearance3 around, tliat they 
guarded against eueuiicii on all bides, thus showiug that some other party or 
nation was hostile to them. 

About si.xty yesrs ago everything that I have described was distinctly visible. 
Parched Indian corn was seen in eon:^idcrablc quantities in various places. 
The corn in fact, was burnt black, and everything else showed that the wliolc 
structure had been destroyed by lire. If it had rotted down or decomposed in 
the ordinary way, it is not probable that the wooden paH of tiie {kbnc would 
hare remained many years. The part of the posts that entered the ground had 
been burnt to charcoal. Tt i.s probable that large quantitir:^ of Indian corn 
which were put uj) for future use were destroyed by tire. 31r. Owen stated that, 
** after digging through about two inches of loose dirt/' ho came to a bed of 
about the same thickness of bobes, oyster, and clam shells, and a considerable . 
quantity of earthenware. The bones were principally deer's bones. Below 
this was a bed of ashes of nearl}' the same thickness. The remains of their 
earthenware showed that they had made some progress in the artd. 

When the embankment around the northern and eastern sides was ploughed 
it was found to be composed of a loose mucky earth, very mucli resembling 
earth formed mostly ftom rotten wood. This led Mr. Owen to the conclusion 
that the embankment was formed of logs covered with earth. Its being covered 
with earth to some depth would prevent the logs from taking fire when the . 
structure was destroyed in that way. 
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A part of the embankment ezteads into ihe weodt on tiic north ride* and on 
it are growing several trees, one of tlicm a pine tree 3^ feet in diameter. This 
tree has undoubtedly grown where it is since the embankment was made. The 
tree must be several centuries old. Thi^, and in fact everything around it, 
testi^es to the comparatiTely great antiquity of die fort. 

A few rods to the Av ei't of the enclosure, on a knoll, there were two borial- 
grounds, where the dead bodies of the inhabitants were deposited. Sixty years 
nj^o, according to my father, "a hundred graves could he counted in a row." 
Thetju burial-grounds were quite extensive, embracing not le^s than two or three 
acres. In a northeast direction, about fifteen roda from the fort, was another 
bnrial'ffronnd. The northeast gate, as before nuntkmed, led directly to this 
one. Thia burial -groiu id contained at least half an acre. In all of tlbem the 
bodies were as thickly deposited as they conveni«'n{ly could be. Th'^ last 
burial-f^round mentioned it* Btill visible, it being in the Mooclg; but th(i otlu i two 
have beeii ploughed, so that they cannot be distinguished at present. In the 
one that is now diBt^igiiishable» I have asetsted in o^ging ont several gravei. 
In some» bones wete found; while in others, nothing of the kind were seen. 
Wherever there is a "rave the earth is Ftmk a little. Tn the first one that 
was opened we found the thi;;h-bones, hip-bon<'s, arm-bones, and various other 
smaller onc^. A jaw-boue and several teeth were found, but no hair. We 
used nothing bnt onr handa to throw out the earth with; -otherwise, it is prob- 
able, we should have found more things. The eatk was very loose, and it was, 
consequently, easily thrown out. The drpth of the grave was about 3i feet. 
One grave, in which several bones were iounil, was under a root of the stump 
of a large piuo tree. This tree was, perhaps, from three to eix hundred years 
old« and it is probable that it hoa grown there since Uie grave was made. 

All tbinga indicate Uiat these people were buried in a sitting posture. The 
graves are very short, not being more than four feet in length. Also the jaw, 
hip, and thigh bones were all found together, joat a3 they naturally would be if 
the body was buried in a sitting posture. 

Varions little trinketa have been found on die ** fort-lot" at difiersnt timea. 
A great many arrow-pdnts have been tbund there, made of the hardest flint 
atone. Stone hatchets, or axes, have also been found. Several years since, a 
neighbor, Mr. David Farrington, found a p?iH> there, probably used for smoking 
tobacco ; the stem was not very long, but ot a suihcient size to admit a wooden 
stem of any length ; the pipe-bowl had the face of a frog formed on it. 

Within three miles of here there are three other similar forts to theoae whieh 
we luwe here deBonbed. 

DAVID TliOWBEIDGE. 



KBMAllia OP AN ANCIBNT TOWH IN MINNBSOTA. 

Itasca, Anoka Gounty, Minnesota, 

November 25, 1863. 

Dbab Sib: Presnnung that yow iBBtitiitlon is the proper one with which 

to file a report of new discoveries, I take the privilege and pleasure to inform 
you that indications are favorable. to encourage the belief, that upwards of one 
hundred yearn ago there existed at the mouth of Crow river, where it erapties 
into the Mississippi, 24 inildA above the Falls of St. AulhuiiV', a town cumpris- 
ing at least seven hundred inhabitants. I have commenced collecting the ar- 
ticles that have been found, with the intentkin of foarwaxding the same to yon if 
you desire me'to do bo. 

We presume that the village was destroyed hy i'lrc of an enemy, for the.se 
reaaons: we hud the outlines of the buddings forming ridges 9f earth, uuder 
which are ashesi indicating fire; we also find human bon«a near the'BtixfiMe^ 
which leads to ^e belief that they were not boiied. 
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Ab to proof of the age of these rnins, trees have been cut down haying one 

hundred rings, wliicli were f*rowing inr^ide of the piles of ashes. 

That (hey Avere at least civilized, is shown hy our findings the locality of a 
blacksmith's forge, where the ciuders, bits of iron, &c., were plenty. Each 
hooBO was fornisned with a firephwe of stone» the foundations of which are 
easily found. 

Among the articles I now liavc, thon;^h somewhat decayed, are knives, forks, 
a fish-hook, piece of china bowl, piece of looking-glass, very long and well made 
wrought nails, part of an iron hinge, part of a clay pipe, strips of copper, one 
kntfe of extra fine qnality of steef— has the name of *' Pdon" on the blade. 
H among jonr anUqaitiea you have any cutlery hearing the same mark, it may 
perhaps assist us to ascertain the direction these ancient settlers came from. 

If yoii deem this information of any value, and will give me any directions 
regarding further explorations and the manner in winch you wish the articles 
sent you, I will, as soon as the firost in spring will permit, turn over the ashes 
in sereial more plaees, hi hopes to find some record to add interest to the dis* 
covery. 

Can you gather any information by examiiiin rr .v jaw-bone of a hvman skele- 
ton ? I have one I can send, found near the forge. 
1 remain yoiura, most respectf ully, in haste, 

*0. H. KELLEY. 

V. S. — I am the oldest white settlor, with one exception, in this neighborhood, 
having hmm here since Jauuaiy iboO, and have seeu the I'oiest cleared from the 
eronna where these ruins are found, and the present little town of Dayton 
built up. Senator Samsey will yonch for my being an old settler heie. 



ANCIENT RBUGS IN MISSOVRf. 

Was(1INGton, March H, 1864. 

My Dear Sir: I promised yon some time a«^o a d(>scnption of some ancient 
relies of pottery from the mounda of Missouri, but that premise has Tonuuncd 
miiuihiied up to this time. 

Aeeompanying this note are photographs of three yessels : . 
■ 1. Front view ) of probably a priesl^ or some official personage if wd 

2. Profile view | gaid the head-dresB as a badge. of omee. 

4 Profile view } * c«pt»ve, bound, perhaps, for hDomoUition. 
6. A pidn vessel without any omamentatioa. 

These vessels are about twelve inches in height and are composed of day 

slightly burnt, and are without any glazing. The interior is hollow, and the , 
orifice in two instKinccR is at the side, and in the other at the top. The thick- 
nciss of the crust is ahout one-fourth of an inch. I regard them as water- 
coolers; the texture being such as to retain water for a considerable time, and 
also to allow evaporation from the exterior surface. 

I think you will agree with me that the ancient sculptor exhilnted consider- 
able skill in moulding. The proportions of the features are not very grossly 
exaggerated, and he possessed sntlicient skill to delineate the traits character- 
istic of hia race. Those traits belong not to the North Americau Indians, but, 
I thmk, to the Peruvians. The fillet on the head I am disposed to think was 
made of cloth. I hand you specimens of ancient weaving, which I have here- 
tofore descrihed. ( Vide Trans. Am. Aseo., Albany meeting,) [1S55?J 

These ppeciinrnq were taken from mounds in Mississippi county, Missouri, 
by the late Sylvester Sexlou, of Chicago, and arc now in the possession of his 
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widow. From Mr. StevenB, who asakted in tbB ezpLoiatioii, I drew the follow- 
ing particulars : 

There are several mounds scattered throughout this country, but the largest 
group, and that from which these relics were taken, is on section G, township 
24. range 17, extending over aboutten acres of ground. The mounds vary from 
10 to 30 feet iu In i;^!it, and many of tliem, on exploration. Iimvo yielded relics, 

Thn most conveni(?nt ])oint of .ipproach is from Ooluinbua, Kentucky, being 
about eight m.iiii6 dibtaut, aud about seven miles from the baltle>grouna of Bel- 
mont. 

YonrSf very truly, 

J. W. EOSTEB. 



* mound in tennbssbb. 

Salbm, Mabion County, Oregon, 

December 12, 1863. 

SlB : We write on a Bubjoct of some though not of great moment. 'Jliat 
subject is this : On a monnd, in Ea^t Temiessee, or> Lick crock, n^.-ir its jnnc- 
tion with the Nolechuckey, in Greene county, six miles north of Warrens burg. 
It is some twenty-ftvi^ or more feet high, ooyers an area of half an acre or more* 
is cone-like or round, is quite steepp and flat on its apCx. It is a made mound, 
is f»f loam, nnd in the bottom next the creek. There is nn excavation near, 
showing, evidently, that the earth removed is that of which is formed the monnd. 
Thb mound la full, so far as examined, of human bones aud carbonized wood. 
The bones lay irregularly, and seem to have been thrown in promiscuously. We 
think this a cemetery, or burial of sldn in battle. The skeletons are larger than 
our race ; are yellow and firm and strong when disinterred, but soon crumble on 
exposure. The apex is flat and sunken in the centre. Our informant, ^Fr. 
Isaac W. Bewley, brothei- to the martyr, Anthony Bcwley, dug down some 
three feet, on top, and came to a Iwmt, smooth sni^ice, under which, in sinking, 
he found largo pieces of charcoal and considerable ashes. Mr. Bewley'.^ father 
settled, or rather bought the place, some fifty years ago. How long it liad becri 
settled before wc arc not informed. The canse of our informant digging down 
on its top was from mere curiosity. This mound has no name that we know of. 
We have given you its location, hojping you may make known this, we think, 
important mattor. The opening of'^ this mound might lead to more than mere 
conjecture concerning a once enlightened race. The earth seems to have been 
dug and elevated for a tomh. This shows some advance in the race who did it. 
An excavation might re real important facts. We think the mound should be 
examined. What has au examiuatiou of the lacustriau cities led t6 ? To im- 
portant results to the archaeologist. And might not some good result from an 
. exhumation of the remaim in tJii* mound f We think so, and therefore urge it. 

Wc Lave written this for the cause of science — the light that may flow from 
an examination of this Lick creek mound, near the junction of Lick creek with 
tho Nolechuekey. . 

And now another matter: We have here some relies of Indians, as stone 
mortars and pestles, arrow points, stone axes, stone scrapers, or knives, &e. 
Would these be of any ir^r to the Smithsonian Institutioni If so, please write 
me at your earliest opportunity. 

. There are mounds iu this country, too, aud if you desire it wo will write you 
abvnt tiiem. 

Weaie» 

A. F. DANILBEN. 

Joseph Henry, 

Secretary Smithsonian Institution, Washington city, D. C. 
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PD&PLE DYEING, MCi£NI AND MODEM. 



TRANSLATED FOP. THE SMITHSONIAN INSTITTTTION FROM THE OEBMAH 

PERIODICAL, ««AUS DER MATUR." &C 



Tub idolatrj of classical antiquity finds its chief antagonism in the natural 
8deace». It would be easy to boow how many Illusions, nestling in tJie heads 
of the admirers of the olden tune^ have b( n 'i pcllcd by modern chemistry* 
alone; and, although our present purposes is to deal with two objects of sub- 
ordinate importance, yet these also serve to show how very broad is the line of • 
separation between qui* own times and the remote ages, to whose languages and 
ideas so much of the time apd training of our youth are commonly devoted. 

The eolors of azure and purple were among the most highly priced as well 
as the most highly prized productions rtf antiquity. The former was sold for 
its weight in gold, and the latter was especially rcBcrved for the noble and the 

Eowerful ; its use waa in some ages even forbidden to all beneath those of the 
ighest rank on pain of deatJh. Science and art have wrought here a sti-iking 
change ; being no longer limited to the direct gifts of natnre, we are able, from 
the most apparently unpromising raw material, to furnish for the use of tha 
whole community what could then be but scantily produced for the ruling lew 
The contrast is certainly snj^gcstive. 

As early as three hundred and fifteen years before the Christian era, Theoph- 
xastus drew a distinction between natural and artificial azure, the latter of 
which, he tells us* was manufactured in Egypt. It seems most probable, how- 
ever, that the terms natural and artificial indicate in this case only the greater 
or the less degree of care with which the color was prepared from the beautiful 
stone wliich we call Lapts lazuli, to which ihn ancients gave the name of sap- 
phire. While in some cases the stone was merely reduced to a fine powder, m 
otben, probably, the coloring matter was mote carefully aeparated, as is done 
in onr own day. 

The Lapis lazuli, or sapphire, is found in the least accessible parts of Little 
JBucharest, Thibet, China, and Siberia, in layera or strata of granite or limestone. 
Of old, as at the present day, it was polished and wroueht as a gem, and it h 
almost the only member of the hu ge family of gems that has an intrinsic value. 
This distinction it owes to the fact that, in addition to its great beauty, it yields 
for the use of the painter one of his most beaut«ul colors, which, moreover»'j8 
unaiTcctcd by air or heat ; that color is ultramarine. 

As lately as the commencement of the present century, ultramarine, or azure 
blue, was not simply a fine powder of the gem, but the result of a long and 
troublesome process. The stone was first brokdh into small pieces, and even 
this first Ftop in the process was no easy one, the stone being exceedingly hard. 
The pieces, of the sisse of a hazelnut, were cleaned by means of lukewarm water, 
then made red-hot, and afterwards slacked in a mixture of water and acetic 
acid. The oohesion of the particles is so great that this process must bo repeated 
from six to ten times before the mineral can be transformed Into a fine powder. 
It is afterwards rendered still finer by trituration with the muller stone of the 
painter, having been first mixed with water, honey, and dragon's blood, ihcn 
treated with the ley of the ashes of the grapevine, and finally dried. The pow- 
der la next compounded into a nass wiSk turpentine^ xonn* waz« and iiaaoea «!» ' 

* ■ 
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nifltcd together, nnrl kiicadcd under water. "Ry this process the fine powder i? 
waisiicd out, and in time ^ini;s as a stjdiuicut in the licjuid. The mineral jieldfl 
not more tlian one-fourth of its weight of coloring material. 

Up to a very recent time Italj contimied to be the chief, as it had been the 
original, mantifiictory of ultramarine, and thoiice the finest shades were deriTed. 
The tedionsness, the difficulty, and, conscqul ntly, the costliness in both time 
and nionpy of the old process of produeinp: ultramarine from the T.apis lazuli, 
naturally excited ereat desire among Ecicutlfic cLemifits to find bunie cheaper 
and readier artifiml meana of prodacing that color, donhly precious to tlie 
painter for its beauty and its permanency; but so invariable from difiierait 
causes were the failures of all attenspt < in that direction that the? solution of the 
problem wa."? well nigh despaired of, when hope was as suddenly as accidentally 
revived. In 1818 it happened that ift France a sandstone furnace for the melt ing 
of soda was taken down, and a beautifal colored substance, never seen there be- 
fore, vas diaeovered. It was rcmaxked, that formerly the furnace for the meltbg 
of soda had always been constructed, not of sandstone, but of brick. The mass 
of matter thn- di-covered wa? examined by Vauquelin, who observed in its 
appearance and composition pointf* of great repemhlance witii nltraniarinc ; but 
still no clue offered itself to guide him through the perplcxiiien of tliC iuvtisti- 
gation. Similar observations were made in other soda mannfaetottes, as, for 
instance, by Hermann, in Schoubeckt wito had thrown away above a bimdred 
weight of the crdored mass found in a f^iniilar fumnce when tlie latter was pulled 
down; and by Kuhlmann, at Lillr, We shall not venture to drcide whether or 
not the " blue material,'" mentioned by Goethe in his " Italian Travels," (1781,) 
as being taken from limekilns in Sicily, and used for the adornment of altars 
and other objects, was homogen< nus with this product of the soda furnace, and 
whether both were, in fact, an artificially and accidentally produced ultramarine. 

The question still remained unanswered, how was thi.s sub.stance in the case 
of each furnace produced i In what did it originate i At length, iu 1628, the 
solution of this important question was found and published by Professor C. 
Gmelin, of Tnebingen. During eighteen years he had been occupied with 
researches on the " Lapis lazuli" and its kindred minerals, the products of the 
volcanic eruptions of Ve?uvinB. lleflecting on the recent circumstance, he was 
led to believe that, notwithstanding there had been so many unsuceessrul 
attempts, the production of an artificial ultramarine was not an imposdibiiii^ . 
Further study of the natural "coloring substance disclosed to him the sulphurovs 
portion of the components, and holding Uiat clue he at longtk aueoeeded in 
prodncin;:^ a'most brilliant ultramarine. 

At about the Fame time, another (iorman chemist, the well-known '* Docbe- 
reiner," had a glimpse of the true nature oi the coloring ^riuciule of ultramarine. 
He was the first positively to assert that it was to be attnbutea to sulphur alone. 
He obtained, however, a mere glimpse of this beautiful discoveryt Other ocenpa- 
tiona preventiiiL^ him iVom following it up. A very few more experiments, and 
he would have been completely in po5!-'e«sion of it. rinielin was scarcely more 
successful, though the absence of this additional jewel iu his scientific crown 
was owing to a different caj^se. It is not in the nature of a true savant to 
place his talent at usury, or, in plainer terms, **to make money by it ;" though 
now and then doubtless, in tliesc days of extravns^ant projects, it is not impos- 
sible to find a savant at the head of some speculating niatuifactory, to the 
success of which his reputation gives a substantial ffuarautce. Men of science 
of this kind are certainly much sought alter by industrial speenlators, yet the 
exceptions do not greatly affect my assertion as to the genertu ^interestedness 
in this respect of the German savant.* He^ for the most part, when, in the 



* This characteristic ia bv no means confined to Qeimaa savkiUSi bat ia shared by moat 
Ba«f sdenee in all eomitnss. 
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eovne of his r( searches and experimenta, a diseovOTy has been made which may 
be rendered available for uiilitiHan purposes, forbears to make a secret of it, 
publishes it without reserve, and leaves the pecuniary harvest, large or small, to 
be reaped by others. Is this because the enthusiastic savant has so little worldly 
wisdom, or so ezdasiye a desire of reputation t OmeKn'e own words may, per- 
haps, help the reader in forming a reply to this question. He says : " 1 have , 
thus mentioned all the circumstances which must be kept in view in the man- 
nfjieture of artificial ultramarine, arul I have also added some hints for the use 
of those who may make it their object to manufacture this color on a larger 
scale. I have now only to desire that others iu like manner may unreservedly 
publish their experience on the subject, so that the production of this artide 
juay, as early as possible, attain to the highest degree of perfection* We can- 
not it is true, whcu an important technical discovery has been made, wliich 
proDM^es large protits, fairly blame any one for keeping it a«&ecr(»t until he has 
achieved that great and jue^titiabie aim of all maukiud, security against want; 
bat beyond this» no one has .a right to maintain secrecy that he may secure 
earn. And it is very much to bo r^retted that by the withholding of so many 
discoveries (often buried with thopo who make and conceal them) science has 
been hindered in its progre??, and an obstacle thrown in the way of the noblest 
object of man, that, namely, of increasing knowledge and diffusing civilization." 
Bneh, literally, was the practice of Gmelin. Whue at Paris, in 18S7» and pre- 
vious to the publication of his discov^* he unreservedly communicated his 
ideas on the artificial production nf ultramarine to several chemists, especially 
to Gay Lussac. And, behold ! on the 4th of February, 1828, Gay Lussac made 
a report to the French Academy that Guimet, at Toulouse, had succeeded iu 
manufiwturing ultramarine of all kinds. Did the discovery originate in the open 
and disinterested commnnication of Gmelin, or did it not? Who shall decide! 
Guimct, it is but just to eay, warmly detended himself against such a Buspicion; 
he affirms that he was prompted to lii.s experiments by the examinations of 
Lapis laztUh made by Desormes and Clement, and claims that he had produced 
artificial ultramarine before Gmelin's yisit to Paris. 

Whether the method of Guimet is essehtially different from that of Gmelin 
eannot be determined, for, while the latter published his discoveries with every 
particular, Guimet, on the contrary, has kept his method a secret to the present 
day. In so far as profit is concerned, Guimet, it must be confessed, has main- 
tained the advantage over Gmelin, and France over Germany ; for Guimet forth- 
with made his discovery lucrative to himself aiid otbeis. As early even ad the 
same year, 1828, he had erected a manafactory at Paris for the production of 
artiririal nltramarine, whicli he sold at two dollars and sixtv-fix and a half cents 
per pound, while the natural article was a little more than double that price. 
Guimet succeeded in having his product adopted for the painting of the beau- 
tiful ceilings of the'mnsenm of Chitrlcs X, and thencefivrth his fortune was made. 
In 1834 the price had risen to from four to five and one-third dollars per pound* 
but in 1844 had a;;:;ain fallen, and ranged from two and one-sixth tn two and one- 
third per pound, thouj^h the best quality for oil paintin<; was still sold at nix . 
dollars and forty cents. The cheapness of the ordinary article enhanced the 
demaad* and the product of Gnimet's factory -speedily rose from twenty thoQ' 
sand to one hnndr^ and twenty thousand pounds, of which twebty thousand 
pounds were exported to forei^-n ronntries. Not only did Guimet amass im- 
mense wealth ; he was the recipient also of many puldie lionois. From the 
French "iSociety lor the Encouragement of Industry" lie received a prciuium 
of 5,000 francs, and medals from various French industrial exhibitions ; and 
this as early as 1634) when the real importance of tins eminent discovery could 
have been scarcely appreciated. In 1851, at the London exhibition, Guimet 
received the large g^ld medal. 
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In Germany the. manufacture of ultramarine proceeded iit a far dflnrttr and 
leas profitable rate, tliougli the directions publish(?d by Gm(ilin would have 
amply sufficed for inaiiulacturiug on a. much larger scale. He already knew 
that the proportions of Bihcious earth, uatroo, and potter's day might vary to a 
certain extent witbont at all affiBctiug the reeolt ; and hie had also foand that 
the production of artifictal ultKamaxine requires two diatiAct oper«tiona» vis: 

1. The production of the so-called green ultramai'ine ; and, 

2. The transmutation of thn green into the blue article by roasting the fonneri 
while allowiog the access of air. 

TbtB latter necessity be was taught by the accidental bursting of a cmdUe. 
His obserration of this accident enabled him to master the whole prooeaa, and 
eondnet it to any desirable issue. To the manufacture on an eittensive scalai 
however, tlie condition inpistcd upon by Gmeiiu of perfect or chemical j)ur5ty in 
the si!ieio«8 earth and the potter's clay employed, continued to pieijeut an 
cmbarrati&iii^ obsUclo ou account of the delay and di^cuity iu bringing the 
material to Uiat state. 

It is tnie that he had himself raised the qneatton whether the production of 
the two expensive materials, both of them beings components of potter'^ clay, 
might not be dispensed ■svitb, and he expi'riincntt d upon various tjpccimi'ns of 
tolerably pure clay contain ui^ the majkixuum of 4^ per ceut. of iion. But be 
considerea the re«nlts of the experiments unaatisfaetofj, on acooukt of the 
preeenoe of even Hueb a proportion of iron. From a porcelain clay containing 
very little iron Iw obtained, indeed, a very beautiful ultramarine, which be con- 
sidered quite lit for oil painting, especially for landscapes. But evtui this pro- 
duct could by no means be compared to the natural and mo^^t beautii'ul kiud. 
The artificial article always retained a'eearcely perc'eptible tinge of f^reen and 
giaj ; while the positire red, on which denenucU the peenliar brilliancy of the 
natural ultramarine, was wanting. This difference was especially noticeable 
when both pigments were rubbed in oil. The cirennistance thnt Gmelin aspired 
to the highest excellence, and would not couteui himself with mere mediocrity, 
was aHfObstacle to the introdnctioa of this article into German industry, and 
restricted its use when it was intvodooed. Still» the first Crerman manufactory 
on the principle of Gmelin's process commenced working in 1834, under the 
management of Leverkuf*, of Wermelskirchen, and very soon ocoaaioned a 
great change alike iu the price and the popularity of the ai ticle. 

In 1832, the celebrated French chemist, Dumas, in bis "Manual of Chemis- 
try," had expressed the opinion that chemical purity of materials va^i very 
Well be di^ensed with in the maniifiictnre of artifici>Ll ultrmMMBne, and thi^ 
common clay might be used, provided it did not contain too much iron. Pro- 
fesi^or Kngelhaid', of the Polytcchnit; vSchool, Nuremberg, while translating the 
works of I)umaj> into German* was e;ipecially impredtied by that staiemonA» 
and was induced thereh/ to make new experiments, hut his labtts were temi- 
nated by death before he had. obtauaed any positive and satisfieictory roeults. 
His assistant and successor, Leykauf, continued the deceased professor's experi- 
ments, and was fortunate enough to succeed, where all previously had foiled. 
By uieaus of potter's clay, Glauber 'a salt, aud coal, he manuiactured tho xutoet 
heantiftti nUramanae, in the renowned manufartudiy of Lej Banf, Ueyne Sc Oo^ 
at Nuremberg ; and in a very few yean the firm counted its wealth by milliona. 
Nowhere (dsc ha-5 this branch of industry acquired 8uch an extension ; being 
conspicuous even among the diver8i(ied activities of I^tticmbeigf and jusilfyini;, 
therefore, a brief description in this article. 

In the Ticinitj of the Nuremberg railniad depot* iho atteatfan of the ob- 
servant traveller is pretty sure to be attracted by a stately aoid 'apacioua mass 
of buildings of white and red sandstone. The long rows of structures, with 
their streets and y ards^ cover a space of some eigbtefikaccGfl. Suorooaded aa the 
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w1m>1« ^ tiT * tampoxt, one might at first ftmej liliiiMlf to be loo]dn(^ upon a 

fortrcM. cut the smoke from numerous tall chiiaaeyB would speedily correet 
this error and betray the abode of ingenious and successful industry. It is to 
be regretted that visitors arc rij^tdly excluded from the interior of this industrial 
hivo; a useless exclusion, as the manufacture of ultramarine can no longer, by 
any poasibility be oontidered a secret. ^The viait the Kiiif^ of Bavaana, in 
18d5» to this equally interesting and important ftetory, so far lifted the veil 
that M'c pos!*e»s something like a reliable description, instea»l of t he strangc'sur- 
mises which were previously in circulation with respect to it. ()u a fin*t glance 
at the exterior we perceive that the vast erection has been built piecemeal, ad- 
ditions having been mode from time to time to meet the necessities of the iucroaB- 
ing business. It required the long' period of seventeen years to fender the 
whole what it now is — a struetore heterogeneous, indeed, in 'appearance, but 
rei\]]y po«<^o«<f<ing the highest oouoeivable auiptation to the purposes §s>t whieh 
it vftm designed. 

Three rows of the buildings arc devoted solely to the preparation of the raw 
material, the motive power consiBCingof two steam engines coi\jointly possessing 
a thirty-eight horae-power. So various and well contrived are the stampers* 
crushing ind j^iftinfj machine?, &c., wliich are set in motion by these variotis 
works, that a small amount only of hurain labor is required to furnish abundant 
raw material to employ elsewhere a va^t number of hands. 

Gronps'of baildings sorronnding those just mentioned contain water-works, 
and consbt of five divisions of vaulted galleries, supported by iron pillazs. 
Near these are the drying stoves. Close l>y these tlnce jjrincipjil divisioTis are 
the buildinprs for storing, packing, and weighing, and ilie i lerks' oliiees and re- 
paiiing shops. Here is a scene of continual activity, the human labor bciug 
greatly aided by a high-preseore steam engine of twenty-horse power.' The 
eommnniciition between these various and extensive buildings is facilitated by 
a railroiid six thousand feet, or eoiisiderahly al)nvc an English mile, in length, 
erfxsing from east to west, and from fi n fli to south, and similar tram roads of 
timber connect the buildings in the upper stories. The iron railroad leail.s to 
file depot of the pnblie railroad ,* thus piaeing the fiictory in easy and speedy 
communic^ition with the priiiei])al liigh roads of Qeimany* The weight aann- 
ally carried on this little railroad amounts to nearly S>000 tons ; about one^tenth 
of which consists of the manufactured article. 

About 200 laborers are coui»tautly employed in this establishment, and it is 
greatly to the credit of the proprietors, Zeltonar & Hcyne, that they have es- 
tablished a savings bank, a siek fund, and a fond fat the support of widows and 
orphans. 

Wo have spoken of the remarkable fall in the price of ultramarine. Compe- 
tition and improved machinery and Uiodes of operating have effected so much 
in tlnit respect, that the whole price of the best article at the present time docs 
not ezeeed that paid far the raere.grind'ng, only ^ghteen years ago. This con- 
tinual fall of price necessarily compels a ooiresponding expansion of the mann- 
facture and sale to eompencate for the deficit in profit. On this account Hc:ircely 
a year passes without tlic additiou of new building's to iliis vast establi.slnnent. 
Considerably more than 6,0UU tons are mauulaciured here vcarly, at the averjigc 
eost of from 2ff to 37 eents per pomid. The eheapness and exceeding bean^ 
of the color cause it to be profitably and largely exported to FraneOr in spite 
of the absurdly heavy import duty levied iijiou it there. 

What we have siiid of this single manufactory, vast lus it is, gives but a wry 
inadequate idea of the extent aud iinuortunce oi' the ultramarine mauul'aciurc 
in Germany. At the Industrial Exhibition at Munich no fewer than seven ex- 
tensive m inuf^ieturerg received medals, and two were honorably mentioned. 

At the TVrisian exhib ition the French manufacturers did not dispute the ex- 
cellence of the German uitrauarijio» or the exquisite beauty of its colors. But 
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they eompUined that it was of somanj different shades that the Tarimis trades 
and professians vhieh uee the article wefo nnnec-i .^sarily embanuwed in the 

clioicf amnnj^ sn many p;l^•ulatio^^■ of color; for wliilc the Uennnn mfinnfacturers 
cxliihitcd tw( nty diiicrt'iit tints, the Freoch furnished but eifrht. To thi.s Gcr- 
mans replied, that in supplying bo many different ehades of the color they but 
complied with the public wish. Yet, nothing can be plainer thaii l^t in eveiy- 
thing relative to color and c(^nate mattera of ta8te» it is not the pnhUc. which 
presA'ibes, but til*' :ir{ if; t, who elicits the artificial want. It was l^hidins who 
created the Athenian taste for the snrpfisj»iug Leant y of the l^idian sculpture. 

lip to 1849, iVauce had only two mauufactoriea of ultramarine. In tUat year 
a thud was added, in Alsace, (Znber.& Co^ at Rixheim,) which deserves men- 
tion with that of Guimet, who still sustains his long^tablished j-eputation. 
To such an extent is the manufacture of paper-hangings carried on at IMxhcim, 
that the Tnannfaetnrc nf colors might appear a merely accessory and puhordi- 
nato branch. But Huch is not the fact ; for, besides supplying the home demand, 
that factory exports to a very large amount. As long ago as 1849, the eatah- 
lishment employed 500 laborers, at an expense of t43,333. And the motive 
power consisted of 44 machmes, exerting, in the aggregate, a Bixt7.two hoiae 
power. 

As mentioned above, Gmeliu's mode of usiug only the very purest mw 
material has been abandoned. But, though the ultramarine 'mannutcturcd on 
his method was undonbtedlj more costly, it is no less certain that it "was also 

far superior in color to all othersorts of ultramarine. Economical mannfactnre 

is now songht in a variety of ways. A white German clay found in many part-i 
of the country, and known to the trade under the name of •'lanzin," is the 
moHt commonly made use of. White porcehiin earth is preferable on account 
of its greater parity. A small portion of magnesia and lime is of no 'conse* 
qnencej'but if iron be preflent.in greater proportion than one per,eent., the ntmoBt 
care is requisite to produce an even tol» r.ibh; color. All foreign mattcr>« of a 
tangible kind are carefully removed by repeated wa.^hing3; the clay then 
dried, mad*- red-hot, and reduced to a tiue powderiu a mill or stamper. These 
preparatory processes, simple as they appear to be, are in reality of great im« 
portance, and the mechanical contrivanci s for.iendering them perfectly effective 
are amonj? the most ingenious, as well as the most co^tiv, of all the niaehinery ^ 
em]il »ye(l in th'Mn mufactiire. To the ground or crushed mass there arc now 
addled sulphuric natron, soda, sulphur, and coal or charcoal ; the whole having 
been previonsly rednced to the finest possible powder. If coal instead of char- 
coal be used, such must be selected as after combustion leaves the smallest 
quantity of ashes. Sometimes ro.sin is used instead of coal, and, being dceom- 
posed by the heat, answers all the purpose of the mineral. Heated together, 
those various materials become fused into one mass. Upon the process thus far 
described, and, especially upon the exactly proper proportion of each of the 
materials, the reenit greatly depends. 

With regard to one point in the procedure there h a wide difference between 
the French and the German manufacture. In the latter. G.'auber salt or a mix- 
ture of that salt and natron is always used; in the former, only soda. The 
German mode is the more economical, because the. sulphuric acctical natron is 
bv the agency of the coal converted into sulphuric natrium, and thus the sol- 
phur can be wholly or partially dispensed with if soda be added at the same 
time. Tt is true that a somewhat greater quantity of coal will bo required, 
but there can be no comparison betwctai it.s price and that of sulphur. As to 
the Jesuit, it does not seem that the one or the other method is very greatly 
preferable. 

There is great difference in the proportions of the flcveral components of this 
mixture j but the following may serve aa a general role : 
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I. White potter's clay, free from water 100 

Glauber ealt. free from water 8$ to 100 

Coal 17 

11, -Whifo potter's clay, free fiora W«Uer 100 

(llauber salt, free from water 41 

Soda, free from water 41 

Salphur. 13 

' Coal 17 

FRENCH METIIOP. 

White potter's claj, free from water 100 

Soda, ii'oe from water 100 

Soiphiir 60 

Oo^ 11 



The next operation to be performed is that of what is called the over-glow- 
ing of this mixture. It is placed in melting pots of potter's day* formed to 
withstand intenst^ heat* and slowly dried till burat. Absolute exclusion of air 
beingindispen Jtl % it is pr^pecially requisite that the melting pots be so tempered 
tliat, ihi\y will ii'.uihcr burst nor bpcomr* poftenrd in the intnn>'e heat requisite 
lo baiu liie masd wilhiu them. They may vary tVum 4 to lii iuches in height, 
with the lilLe diameter. When filled up they are packed one on the other in a 
fnmace resembling in form a flattened bricltlciln. They occupy tlio whole 
centre of tlie surface, while thi; spaco on each side of tlieiu h u.>ecl for iIk; burn- 
ing of similar pots. ThefuriKuc being properly iiiied, the mouth is walled up, 
and the iiriug commences. The buruiug continues during from seven to eight 
hoars up to wree daySf according to the size, construction, and contents of the 
fomace. Fuel must ho added till the mass is thoroughly iucorporated and 
bcg-ina to melt. Upon this operation everything dcpuucU. If it m not prop- 
erly conducted, the best and most accurately proportioned raw material will 
not yield a prolltable result. The temperature must be of a certain height, 
which is t6 be ascertained beforehand bj trials in a small testing oven. It 
approaches A bpght red or incipient white heat, and must be kept at the same 
point during a spcQificd time; aud it rau-t be made to lie it the whole mi^ss ai 
thoroughly as pofs^ible. Wben the funi-icc is cooled, the glowed m i«s is taken 
out and cooled. with water, aud then repeatedly washed and drained to removj 
any salt still remaining. The now dried and spongy mass is next removed to 
•the mill and broken and pulverized to the utmost possible degree of fineness ; 
the powder is repeatedly washed with water, and after being thoroughly dried* 
again ground and nicely sifted. Tt ha? now reached the first stage of ultra- 
marine, or what is called gicea ultramarine, and is ready either for sale or for 
trausmutation into the blue colored or proper ultramarino. Hitherto, however, 
the green ultramarine has been in no verv* great request, as compared with the 
blue. It varies through several shades, irom apple f; ri to blue gioen ; and in 
beauty it h far excelled by the copper color and even by tlio cob ilt. Its chief, 
if not its only recouiinondations are its cheapness and its iunoxiousueas ; and 
those qualities, important »is they undoubt<jdly are, seem insufficient to counter' 
hahmoo its want of brilliancy. 

The next important operation is the transmutation of the green into the bin* 
color. Il'^re there is but one cauj'c for anxiety. To obtain a perfectly beautiful 
blue, we must previously h ivo a perfectly beautiful green. The latter is roasted 
with sulphur, air bciug freely aamittcd during the process. It sometiraoa hap- 
.pons that the change of color takes place wiuiont anj interference. The sul- 
phuric natrium contained in the mass causes spontaneoos ignition on the admis- 
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sion of air, and when it ceases to glow wc have still sulphoiic aeid pramnt* and 

the green color is thus self-changed into a beautiful blue. 

As to this process also of transmuiiug the gn:en color into blue the Frendi 
and Gkrmaiui haye their peculiar method The Oennoaa use email iron eyi- 
indcrs for loasting } the Frenoh small hearth oyeiw, into which, howeTer.- the 

flame cannot enter. Hitherto cylinders of potter's clay have not been ad^ted» 
thoufjli we doubt not that they would bctvc just aa well, and be even more 
durable. The cyiuider being tilled with from twenty-live to thirty ])<)uiiilg of 
green ultramarine, a vane (Fliigelwelle) is set in motion so that the cotiiouts of 
the cylinder may not he burnt without heing tiret thoroughly roasted within. 
A pound of sulphur is now passed through an upper opening into the cylindM* 
and while the wind-vnnn contin'tc-' \n mnr'o]i the sulphur is graduii 11 v consumed. 
The addition uf suiplmr may 1m cuuLiuued us loDg as the color jmproves iu 
purity aud brilliancy, but cure rnubt be taken not to continue it too long. After 
the color has heen tiioe roasted it must once more be washed* dried, ground, 
aad sifted. 

The French mothnd of roaPting- posf^epses this advantage, that, by allowing 
a freor nocepsion of air, the green nia.-^s i.-* the more ppeedily transmuted into 
blue. i)ut, on cither the French or (jerman method, a large q^uantity of sul- 
phurie add eeeapest which rendexili the factory a nuisance to its neigfabora* 
while, were tJiat quantity of sulphuric acid preserved, it would suffice ior tiie 
production of all tlio Glauber i^alt used in the manufacture. ' 

l^hc quality of the p^rcen color is the rule and test of that of the blue; but 
something of its intensity also depends upon the manner in which it is ground — 
the finer it is powdered the brighter and* clearer it becomes. But not all kinds 
are of equal beauty; lighter tones of color are frequently obtained without there 
having been any appreciable difference in the mixture of the raw materials. 
From th» sc lighter and darker shades a mediimi kind 13 obtained by mixing 
them together, and adding other white or light materials. Where this admix- 
toro is resorted to, equal tones of color oie out of the a oestion ; tlie shades vary 
from the soft^t^eky blue to a glowing, almost ruddy, dark blue— the former 
generally foming a more compact powder, the latter a moie loose and smooth 
one. 

The principle upon v/hich the bhie color of the idtramnrine ia dependent i.s 
as undecided now a.s it was iu the time of Gmeliu. it is much to be regretted 
that his analysis of the Lapis lazuli, which so much conduced towards the manu- 
facture of artificial blue ultramarine, has not been repeated and followed up. 
The foundation which he laid in scientific experiment has been built upon only 
in the way of the merest empiricism ; and the success which has thu:^. iu a 
merely monetary point of view, been ubiaiucd by the manufactured, hu^ led 
not a few of them to imagine — ^how yaialy wo need not say-*that henceforth 
they are quite independent of science. They forget that practical tiaen, how- 
ever ably they may profit by what science has taught them, do literally nothing 
towards clearing up what science it?clf has yet to learn. It was the science of 
Gmeiin which alone laid the foundation for the manufacture of ultramarine as 
it at present exists ; but who shall pretend to limit the improTements that 
might be made in that manufacture could another Gmeiin arise to discoiw 
the principle on which the colorinjz; of the ultramnrine depends? Attempts 
have, indeed, often been made to lift tho-yeil fi-om this mystery, but hitherto 
they have been so made that it was impossible for them to succeed. Analysis 
has followed analysis, regardless of the fkct that the ultramarine trade is 
sot a preparation of determinate composition from which uniform results can 
he obtained. However accurately t!i f porator may have treated the clay 
with water and sulphur, docs not the color imbibe some portion of silicious 
matter J Nay, has not each specimen of clay different elements and different 
proportions of elements in its own composition 1 How are we to tcU, even 
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from tlie most ikilfal and laborions analysis, wbicli is the essential prodaet 

and which tlie accidental'? Which the portion wliich conduces to the pro- 
duction of the color, and which th(! portion that, to a greater or let>;i extent, 
limits its quautily and diminishes its brilliancy ] The time spent iu analyseSt 
thus inevitably indeci8ive» may be conaidered aa eompletely thrown away. In 
truth, those analyses have rather raised questions than settled them. 1 ho in- 
fluence of iron, for instance, upon the production and the color, which long ago 
wad considered a settled fact, is uuw relegated into the rt^aliu of doubt, 'i'liero 
seems good reason to believe that sulphur has a chief, it' aot the sole, part iu 
eoloring the green and blno nltmmarine; bat how— through what oombinatione I 
The material itself oppoaea difficulties to our clear view of tlie subject; and the 
diiBculties arc increased by the coincidence of two chemical processes, and by 
the facile deeompoj'ition of the material tile moment it is aftneked by reagents, 
llually, we are but too imperfectly acq^uaiuted with the atuuities of sulphur 
and the recently discovered sulphuric acida for the alkalies. This power- 
lessnesa of analysis to pronounce definite judgment has necessarily givea 
rise to various opinions, founded not upon facts, but upon fancies, and, aa 
usual iu such case?, the opinion founded upon fancy has been more per- 
emptorily asserted than the knowledge ibnnded upou fact. Of the green ultra- 
marine* wo have seen it positively asserted, though without even an attempt at 
proof* that it is a simple combinaUon of sulphur natrium, while another disputant 
is not less positive that it is a mixtuie of blue ultramarine with some yellow 
subptanee, the elimination of which turns the green to blue. Others a.-pert that 
the acid has trausformed the sulphur natrium of the green ultramarine into a 
eul|>bui'ic metal, combiucxl wyih other and unascertained matter ; that ozydi- 
Kation has taken place, and the snlphur has united with the undecomposed 
aulpburic natrium. According to others the oxygen acts upon the sulphur and 
foruis a puh-snlphnric acid, or some other of ihe recently di;^covered sulphuric 
acids, in short there has been much disputation, but no approach to a c«)uclu- 
siou which can be relied upou. To arrive at such a couciusion we must, as 
our starting point, first study the affinities of aluminum and sulphuric natrium. 

All that we are thus far warranted iu saying is simply this, that ultramarina 
contains piliciona earth, potter'3 clay, natron, and sulphur. But, what elsel 
\ii the real que.-;tioii at issue. The siliciou.-i earth is, if not supertiuous, at 
lioist inoperative, as regards the ^iroductiou of the blue color; hut, though not 
itself the cause of the blue color, it at least supplies the fire*proof quality. Too 
much of it, undoubtedly, is injurious to the color. If the silicious acid be not 
fixed hj natron, the blue color is eitlier very ranch iiulcd, or wholly destroyed, 
Htid (he uhram uinc is rendered unlit for the purposes of tlie porcelaiu painter. 
Tiiu ariihcial ultramarine has still another great advantage over the natural. 
While the latter could only be used fi>r oil puntings, the former can he used in 
every art in which the blue color is indi8peni>ahle. and consequently it has, to 
a v( ry considerable extent, supplanted cobalt, litmus, and Prussian blue, 
lilven when the ultramarine commanded a far higher price than smalt, (the lat- 
ter seiliug, iu France, at 47 to 60 cents per pouud, while the former could not 
be purchased for less than from $1 62 to $1 73,) it was found that ultramarine 
was the clieaper article, for the simple reason that one pound of ultramarino 
would do the work of ten pounds of cobalt blue. 

Ultramarine is a reliable color for oil painting or for painting on glass, for 
tapestry, and for paper-hangings iu patterns, and for the coloring of soaps,, 
caudles. Sec., &;c., and it is not cosy to over-estimate ita importance in printing 
on wool, cotton, linen, or silk. To the French manufactnrert Blondin, nelonga 
ihe credit of havmg bteen the first to use ultr uoarine in cotton printing. For 
six year.^ he kept his application a secret ; hut, in 184 1, Dolfus. a cotton raanu- 
fictnrer from Alsace, visited the French exhibition and made himself master of 
the process. Since theu, as is said iu the report of the French e^diihition of 
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1840, " Guimct's metbod has travelled round the world» impplantiiig all thebfaie 

color.s which had been previously employed by the cotton-priritpr." It must 
be eonieij.-^ed, liowevcr, that this statement id not quite exact, lor tlic mauufac- 
turert} still experienced some difficulty in using ultramarine. At hrst the color 
was, fortbfi most part, not BafiSeiently fine,,anid conBequendy it affected both 
the spreading*kiiifc and the rollers. That difficulty was obviated by the use 
of al!)umon, (the whites of cg^p;-^.) ^vllich tlius became a by no means unimport- i 
ant ;irtich' of trade. It is used to condcu.se, and to aid in Fpreadin<^, the color, 
but requires some slight admixture of oil to prevent the decomposition which 
the elbamen, pure and simple, was fonnd to produce. 

Ultramarine is used not only to produce a blae» but also a white. Ereiy 
housewife well knows that blue of some kind must be nsed to counteract that 
yellowich tinp^e which linen and cotton good? acquire when washed. This use 
of the blue color is familiarly called vsin^ tJie blue-bagy but using the whitening 
bag wduld, in truth, be the more appropriate phi*ase. As a general thin^ the 
blue-bag is used far too freely. The ^ect should not be, as it generally is, 
to leave a blue tinge, but only to neutralize that yellow tinge with which we 
unavoidably associate the idea of imperfect cleansing. Ultramarine is also of 
important service in restoring linen and cotton yarns and fahricB to good color — 
from two to three pounds of ilie color BulHciug to restore fif ty pieces of liueu. 
From ten to fifteen ounces are sufficient for the perfect bleaching of twenty 
pounds of yarn, and so effisctive is it in small quantities, and therefore so cheap, 
that nvrn whltewashcrs use it to give increased bnghtness end deannesB to 
their white. 

It was formerly considered, on toxicoloeical grounds, that the use of ultra- 
marine in whitening sugar was objectionaole. We need here only so for ad* 
yert to the discussions of the public journals upon that point as to say that 

two pounds and a half of ultramarine puffice to bleach fifty tons of sugar, being 
just grain to the pound, a jjroportion in which even that deadly corrosive, 
arsenic, would be entirely innocuous. Whether the sulphuric-hydrogen gas, 
which is lil>erated by the contact of the ultramarine in the sugar with the acid 
In^nrineibo offensive, is a* question which we leave to the olfactories of the 
chemist to decide. How far ultramarine is, or may be, adulterated, chemists, 
we believe, have not, as yet, determined. Manufacturers maintain that it is 
not merely right, but even necejjsary, to mix potter's clay and gypsum with 
ultramarine, in order to get a lighter color; and to us it seems that, on that 
point at least, the manufacturer is a better judge than the chemist. The par> 
chaser well knows thai such admixture is niade, and for what purpose, so that, 
whether rii^^lit or wrong-i there is. at all <'^ ^"ii!s, no deception : l)ut if he wishes 
no such admixture in tlie ultramarine which iie jmrcliascs, a t^iniple and facile test 
of the quality is at hand. Adulteruliou is present if the color be not entirely 
discharged by strong acids, or if it change color when boiled in a ley of potash. 
The adulteration in this latter case has been made by organic matters, for the 
purpose of producing the fiery brilliancy of the natural ultramarine. If, to be 
thus tested, the ley ansnme a greenish tinge, the ultramarine contains a super- 
ftuous amount of sulphur natrium; and if the ultramarine adheres in hard clots 
or lumps the salts have not been sufficiently washed from it. When mere ap- 
pearance is alone relied on as a criterion, the judgment, however practiced, ii 
liable to be mistaken, fox there is no other color which affords bo much scope 
for visual deception. 

There ai'e two qualities to be regarded in the genuine ultramarine — the color- 
ingand the corenng quality — which maintain no direct xatio one to the other. 

The coloring quality may be tested by mixing one part of ultramarine with 
ten parts of any white color — white lead, for instance, or clay, or i^ypsum — and- 
then closely ob^ervinj^ the tone of tlic mixture. These trials should never 
be omitted by purchasers, for iu two ultramarines, which to the sight appear 

Digitized by Google 



PURPLE DYEING, ANCIENT AND MODEEK 



d95 



•zaetly alike, tliere may be a difference* in both brillkncy and dQfabllity» of 
fimm one to two hundred per ceut. Another important question is this : a.ow 

much mordant docs the particular ultramarine require? Nor i.s th'i^ important 
only in tliose great factories wh( re the mordants are a considerable item of cx- 
peuae, for the artiat also should be awaro that every addition of mordant di- 
mlnisbeB the clearness of the color. The less mordant the finer color, and tfice 

It I'linit.-* of no doubt that from remote antiquity the art of coloring; of the 
raiment with which man invested him^tlt had at^quired a certain degree of 
proticiency. Pliny, though he gives no particulars of the processes, yet assures 
as that the aneittnts were well acqaiUntea with the use of mordants, hy which 
fixity is given to colors which otherwise would gradually change by sncceSBive 
gradations, or disappear altogether from the dyed fabric. Of those mordants 
he raentioii!^ human urine, ammonia, and certain finite, including rock salt and 
soda, as serving to give at once brilliaacy and fixity of color to spun and woven 
•tn^. And in another passage he intiinates a still more advanced knowledge 
of the art of dyeing as practiced by the ancients. " In Egypt," he says, 
" cloths are dyed in a quite peculiar manner. The cloth is first thoroughly 
cleansed and then successively dipped into one or more Bohition:^, ajjd finally 
into the lluid color ibr which the previously used holution has bo great an affin- 
ity that the cloth is dyed as permanently as instantaneously. What is most 
remarkable about this process is the fact, that though the dye-rat contains dye 
of only one color, the web of doth is dyed of one, twoi or several colors, ac* 
cording to the kind of polntions used for the preliminary washing-^ or di|>pinp^3. 
And further, not only is iIkj clotli so perm int-nlly dyed that ilic e<di)r cannot 
be washed out, but the dolh ittieif is rendered stronger audmoic durubh;." 

This knguage of Piiny shows, that our knowledge of the uses and effects of 
various mordants to heighten and fix: color, and rather to improve than to injure 
the fabric of the stuff to be dyed, tlionp;h doubtless much indebted to modem 
chemistry, is, sub«<tantialiy, as old as chemistry itself. In the caiic (»f aiicient 
Egypt, such a knowledge need scai'cely excite our surprise, that antique and 
. mvstcnous land harmg been the souitee of tho chemical science of at least 
all the people of antiquity. As nature herself suggested colored ornamcnta* 
• tion, and the fuj^ilive qualities of tho earlier dyestuffs forced chemistry into 
the discovery of mordants, so the lack of a cultivated taste made the glaring 
scarlet and tawdry yellow the favorites of the earlier ages ^ just as, in our day, 
the same kck or imperfection of tasto is apt to recommend those vivid hues 
to the favor of the diildish and the uniefinedi Next to the Egyptians the 
people of ancient India evinced most skill in the art of coloring. Job speaks 
with great admiration of the brilliant colors of Indian cloths. There is at this 
day in the mupcuni oi" the JnduUriai bmiely at Paris a large and valuable 
collection of Indian colored stuffs, together with the utensils by which they 
were prepared. These stnffb should be called painted rather than dyed ; the 
absorbent and mordant fluids were first applied with a iMmsh, and tho desired 
colors then laid on ; those portions which were to remain white woro at the 
outset coveri'd with wax, and the outlines of the pattern traeeil on the l emainder. 
There is also at Paris a shawl, ten feet long and five feet wide, the handiwork 
of Indian princesses, and so elaborately as well as beautifully executed that it 
must have employed the skill and industry of more than one generation of the 
royal and dusky workwomen. But everything else in ancient dyeing was sur^ 
passed by the proverbially pro-ooiiueut 
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Inventions have their place in Mythology, aid not improperly ; for if chance 
plays no inconsiderable part in the inventions and discoveries of the present days, 
go, alflOl it, did in the days of old. AU have h6aid» or read, the story of the dog 
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which occasioned the discovery of the beautiful Tynan purple. As Ilercules (ao 
nms the fable) walked one day on the Bea-ehoie with toe fair object of his love, 

her pet dog, playing around them, seised an open Bt^a-snail, and dyed his mouth 
of so beautiful a color tliat tlte lady uttered a v. Mi to have a dress of that self- 
eamc hue. llorcuU s, of cuur.<e, succeeded iix prautin*^ her desire. Xt 10 aS" 
sumed that this discovery dates from the year 1500 13. C. 

For nearly all that we know of purple dyeing we are indebted to Aristotle, 
Pliny, and Vitmirias. Pliny mentions two sheU-fish that yield the purple,*' 
the "buccinum," so callcrl, on account of it:? resemblance to n tniinpet. and 
the " purpuia." The culoiiitg ysuhptrmco was said to be eoutaiaed ia a trans- 
parent and branching vein at the back of the creature's neck, and while the 
animal was alive, the flnid had a nmeona or creamy consistence. If the fish 
were small, they were pounded ; but if lai^, containing so much as an ounce 
of the highly vnlmd fluid, the vein was detached, it;^ contents mixed with five 
or six times its wei<;ht of water, and to the mixture thus formed soda was added, 
in the proportion of twenty ounces to every hundred pounds. The whole was 
then put into lead or tin vessels and kept in a moderately warm place for five 
or six days, the scum bcrag from time to time carefully removed. As soon as 
the flnid assumed the precise tone of color that was desired, the wool was dyed. 
The proc^?? was very simple. The wool, being thoroughly cleansed from grease 
and all other impurities, was plunged into the dye for some live or six hours, 
or even longer if the object was to double dye the material, (dibaphes,) in which 
ease it was highly esteemed and nroportionably high in price. Wool thos dyed 
commanded in ihc reign of the Emperor Augustus the enotmons price of two 
hundred dollars* per pound, nearly its weight in gold ! 

Wc learn from V'iiruviu.s tiiat various couutric:^ had their peculiar shaflcs of 
purple. At the north, the «hude approached to violet, while at the toulh it 
became the vivid red which wo now term a bright scarlet ' Pliny also dts- 
tingttlshea two different shades of pnrple<— the t3rriam or purpura, a dark crim- 
son like that of coagulated blood; and the Rmcthy.-^tinnm, the light ^ ii l' t blue 
of the ametliys*t. Both authors agree in h'tating that an excellent purple was 
obtained from some plants; our own madder, it would seem, being among them. • 
Madder (Rnbia tinctomm) was nndonl^edly known and enltivated in several 
ancient oonntiies — ^Italy and Judea, for instance. Woad, too, ( Isatis tinctosria,) 
waB well known to the ancients, and served to give to the purple that fine violet 
tint which was so much prized. 

The purple-yielding shell-fish were found on all the coasts of the Old World ; 
and in Greece^ Italy, Dahnatia, Istria, and Egypt, there were large dyeing 
homes. Of coarse they used np an immense number of these minute animals; 
but the supply was equal to the demand. For instance. Mount Testaceo, near 
Tarentum, con?iH^ted almost entirely'' of the shells of the jMurcx brandaris. which 
we believe to be thv shells from which the li^man dyera extracted thcjr color- 
ing matter. Accoruing to Tacitus, the Germans had a purple dye which was 
especially in request for linen. But above all the purple dyes of the ancients, 
that of Tyre and Sidon was admired, and it was a very important item in liie 
commprce of the mercliant prince?! of Tyre. No color has ever been so l<>ng 
valued and so profusely lauded as the inirplc. Tn the days of Mosef* it Ava.-^ iho 
distinctive color of the great and tbe wealthy; liumcr makes .tiLueiis ofler a su- 
perb purple robe to BeUerophen ; Dives, in the New Testament, is " clothed in 
pm^le and fine linen;** and it was in a robe of purple that the stem Roman 
Impcrator triumphantly returned to the sevcn-hillod city, after vanquishing and 
subjugating some far barbarian foe. Pliny i^peakt^ of "the Tyrian pnrple" as 
being a color so representative o^dignity and majesty that lioman lictors made 
way for it with their firaces and tbeir fbllowers. Not only was it the distinctive 
mark for both young and old of high rank or great wealth, but was still fiir- 
iber hoDored'by being the indispensable color of tbe lobea of those who mr^ 
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rentier flftcrifieed to tbe gods, to obtain tbeir fnvor or to avert their wrath. 
•Pliny 1*3 BO ranch in love with the purple that he deems it no mere idle yasdiy, 
but a laudable and nntnral yearning in men eagerly to desire it. 

To the great majority of Uomaua purple was forbidden for a long time by its 
eoormoua cost as eompared with the moderate fortnnee of most of the plt^bdans ; 
but when Avealth flowed into Rome and eoiritpted the Bomaas, purple was fast 
becoming the only wear, ami tli(^ Cnesars, from Julius downwards, pi 'tliibifed 
its use by private citizens under pfun of" dcadi. The Byzantine cmperu) made 
it penal even to write with purple ink, the use of which they monopolized for 
their own imperial signatures; and the very art of dyeing in purple was con- 
fined as a privilege and a monoply to favored individuals. As a natural ctm- 
Boquonce, the art decayed, and at len<];th was entirely lost towards the end 
of tlie twelfth century, though bo recently aa the preceding century the Greeks, 
Saracens, and Jews, had been renowned for their skill as dyers. During the 
twelfth centnty the purple was less Tarious in its shades, and very much less 
in request. But though the fickle tyrant Fashion, for a time, discarded purple 
in favor of scarlet, procured from the Tiiermo?, the traditionary reverence for 
the imperial purple was not extinct, for even to tins day, lliroughout the Old 
World, " purple" is synonymous with imperial power and place. 

Strangely enough, while purple-dyeing was a disused, if not a Ibrgotten, art 
in many of the countries to whicn it. had once {HX>ciir< d bo much protit, it still con- 
tinued to be considerably practiced in Britain. With that island the ancient 
rhoenioir'ii'j arc known to have had considerable commerce, the Britons, aa we 
learn fiom ilcroUotuB, supplying the Phoenicians with tin, and it is probable 
that it was from the Phoenicians that the Britons learned Ae art xtt purple* 
dyemg. The practice of the art existed in England till the close of the four? 
teenih century; and so late even aa 1684 an Irishman is said to have made a 
lar^e fortuiif !tv the pectilinr nkill Aviih uhich he {rave the purple dye to fine 
linen and oiiicr artieles^of female appareL He, like the ancients, obUuned hhi 
dye from a eheH-fifch. 

The Chinese are said to have had a dye resembling the pnr^le ; and in the 
New World, according to Don Antonio d'Ulloc, the people of the provinces of 
Gnnyar|uil and GuaUnn da >vcrc, from the easliest times, pofFo^fed of a beautiful 
red color, m hicli they obtained from certain fiea-snails of a «ize not greater than 
a hazelnut. These, ou account oi" their scarcity, were highly priiscd, and were 
used only for dyeing chdoe and costly mattmt, such as beads, fringes, braidings, 
&:c. It was the popular belief that both the wfflgfat of the animarand the color 
of its juices varied with the hour? of the day. 

The purple dye had at length become bo entirely forgotten that what the 
ancient writers had said of it was regarded as a fable, iuveuled bv the I'hoeui- 
dans to conceal their knowledge <^ the cochineal insect A shell-fish yielding 
such a fluid was no longer known. It was not until the seventeenth centnry 
that tlu^ first attempt was made to red'scovcr and to ultilizc the long-lbrgottcn 
secret of antiquity. Then, indeed, men were enabled once more to view the 

frodigy with their own eyes, for in the West Indies, in Peru, on tlic coiwrg of - 
taly, France, a^ Enghmd, there wore fi>und musdes whose vital juices* from 
being at first colorless, soon took, successively, the sh ad(>s of yellow, green, bliie» 
and finally a splendid purple. William- Cole, of Bristol, in England, was 
the first who, in the POveTitecnth centnry, cxpcninouUjd for the revival of 
the lost art of dyeing in purple, and he used only the common muscle which ia 
so abundant on the uiores of England, and after long trial at length discovered 
' the long-sought-for shell-fish in the Purpura LapHlut. "If, "says he, "wo 
carefully break the shell wo find, near the head of this shell-fish, a white vein 
lying in a furrow, and witlii!i that vein is a whfte, creamy, and somewhat gluti- . 
nous liuid, which is the much-desired dyestufl"." ii is description precisely 
coincides with that of Aribtotle and of Pliny. 
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In 1709 Jussicn made Fimilnr researches on the French coast — researches 
which, in the following year, u ert' coutinnrd by lirnnmur, who deli^htctl to TtviVt*, 
theory and speculation tbo obedient handmaidens of every day utility. JSome- 
what later the soft-shelled mollaBcs of the Medftemiieasi shores were careftilly. 
examined by Italian oatunliats, and so well has their pains>taking example 
been followed up thatwc arc now acquainted with a goodly number of molluscs 
that yield the purple dyestuff. For tin* most part they belonj^ to the families 
ol" the Murex and the Buccinum, of Liiinrous ; and it is thougiit tiiat the Murex 
trunculust of Xinnieus, (one of the most abounding of the Mediterranean eea- 
snafls,) and the Purpura and Purpura jmtuktt of Lamarek, are identical with 
Piiny'fl Bucchitun. The Purpura Lapillus is quite common on the European 
shores, and is believed to have been the most important amon? the purple sea- 
snails of antif[uity. Lop^oq thinks that the Janth 'ma fragUis in tiio true buc- 
cinum of aiitit|uity. It is a native <»f tiie 3Ieditcrraiieaii. lu stormy weather 
it is thrown upon the eoast of the French department of Ande in .such vast 
nninl)crs as actually to cover the strand, r-^eeson attributes to Narbonne (the 
JV(fl//v(y il7ar////.9 of the ancients) i^H'at ?kni and celebrity in tle^ ;i"t ''f purple 
dyeing; in tho times of ancient lienie. Other writers say that thongli tlie Clar- 
lish purple was very splendid, it yet Avas very evanescent. The janthina ua« 
doubted ly affords a liright and beantifnl purple, mid when taken ont of the water 
yields the fluid to the average amoimt of about an ounce. But the fluid is fhr- 
nished by a gland entirely different from that spoken of by the old writers, a 
fact which it is difficult to reconcile with the ancient statement. Moreover, the 
modem purple is very evanescent, while the ancient was valued no less for its 
diimbility than for its beanty. Thus, in Plutarch's Life of Alexander the 
Qreat, we read that the Greeks found in the treasury of Darins prnple stuffs to 
the value of five thonfsand tah^nts, and that, though some of them wore nearly two 
ccntnries old, the color Iiad not at all faded. Lesson says that the coloring; fluid 
yielded by the janthina passes through the same chaiiges of light and shade 
as the vegetable colors do. With alkalies, it becomes bine; with acids, red. 

Borne writers include Aphjsia depulans and Scalana cfathrits among the 
purple sea-snails, but this is doubtful. It is true that the aplysia sometimes 
voluntarily, always when alarmed, does emit a beautiftil pnrple fluid, and. in tlie 
latter case, in such quantities as to color the water for several yards around. 
Probably the purple fluid, in the case of the sheU-fish, is analogous to the 
ink of the cntn^sh, the concealing an4 protecting provision of the otherwise 
defenceless creature. The fluid is colored at the moment of its ejection, bui 
the tint i? of slight duration. The fluid of the Sralaria rla/hrus is still more 
evanescent — time and exposure to light discharging it entirely. Of the Plan- 
orbis cometts Wallis says : " If you put salt, ginger, or pepper into its mouth 
it yields a purple fluid, but the color is so evanescent tlutt we know of no 
mordant that can fix it." 

At present we are acquainted with a great number of purple-yielding shell- 
fish, but we cannot identify any of them with the purple sea-snails of the an- 
cients, the descriptions left us by the old writers being too general and vague. 
. In our own time Bancroit has industriously ex]>enmented with the dyemg 
fluid of purple sea-snails, and he asserts that they yield afluid wliidi surpasses 
•everything::: else in animal nature, alike for the brilliancy and the permanency 
of its purple, and for the facility ajad simplicity of its use. Within the lish, or 
when separated ti*om it, the fluid has a creamy appearance, or, as lleaumur 
phrases it, resembles a well-developed pus. The textures to which it is ap- 
plied become first of a light, thi n of a darker green, next blue, and acquire . 
finally a rich deep purple tint, inelinino: to crimson. According to Bancroft, the 
gradual prismatic changes of the cohjrs are as beaulil'ul as they are- remarkable. 
Even the most powertul chemical agencies, whether mineral acids or the most 
corrosive alkali, can only subject iluB purple to one change— wash the fidirio in 



Digitized by Google 



PUBPLE ]>TEIHO, AKCIENT iKD MODERN. * 399 

strong sonppncls anrl the purplo become? a magnificnit and pnnnnnnnt crimsnn. * 
Dyofl with tliis piii^uiar fluid the fabric passot^ tlirough all tlu? prismatic changes 
of color of which wc liavo spoken, in a very lew minutes; and if exposed to heat 
as well as %ht» the changes tite so rapidly eflfoeted that the eye can seaitelj 
apprecintc the passing of one hue into another; but it on the contrary, light 
be completely excliuled, tlic first pale, yellowish ^Qiin will romain unchanged 
for }Tnr^. Bancroft proved this with some Uucn thus dyed, and kept for nine 
years in the dark. 

As to the causes of the changes of color ihey are not dearlj nnderstood. 

Bfrthollet thinks that the coloring matter absorbs oxygen. Bancroft attributee 
the effect to liglif . He justifies his opinion by reference to the coloring of prints, 
flowers, &c., whicli coloring in known to take placo, not from warmth, but from 
light. It is by the mere e:^,clusion of light that wc bleach, for instance, endive 
and celery. 

As &r as we are at present informed, the chemical nature of this coloring 

matter is as little known as the modus operandi of its sncccssivc changes after 
being applied to a textile material. Highly as Bancroft and others have praised 
the purple, it has had its day of popular favor. For dyeing fine muslins, and 
as a marking fluid, purple is still occasionally used. Even as long ago as the 
thirteenth eentmy* scarlet, from K^nnes, instead of purple, was the adopted 
color of the Hnngartatt magnates. Car numerous dycstqffs, and our focile and 
economical dyeing processes, render us independent of the ancient purple. 

"With til?' revival of Hcience and art from the decadence into which they had 
sunk, durniy what arc not unju&tly called the dark ages, dyeing, like other arts. 
Started into new, vigorous life. Till the'fifteenth century, and still later, Italy 
bore away the palm in the art of dydng, for which Florence and Venice were 
especially renowned. The discovery of America gave a great impulse to the 
same art, flvo-^luffs being furnished which were entirely imknown to the Flora 
and the i auna of the Old World. From the Italiaus the mastery in the art 

Sassed to the Flemings ; and when the rdigions persecutions by .Spain drove 
ie Flemings into exile, these latter carried their art into France and England.. 
It was a native of ilie Netherlands, Cornelius Drebbel, by whom, in 1650, tho 
discovery was made that cochineal was capable of yielding a dye far surpassing 
in beauty the purple of tho ancients. Drebbel was at work in his laboratory, 
when an accident naving thrown somo aqua ttga over tho tin fastenings of the . 
window panes, and thence into a bottle rail of an aqueous infiision of cochineal, 
the latter on the instant assumed that magnificent pcarlet tint which is now 
Fo well known. Drebbf'^l wa.s too acute and too reflecting an observer to neglect 
BucI) an indication, and from that time cochineal has played an important part 
in the art of dyeing. 

Modem chemistry, however, has done more ibr this art in single years than, 
had previously been accomplished in centuries. Pure and effective mordants 
and mineral colors have wonderful!}" changed both the laborious and tho eco- 
nomical processes of the art. Colored garments were formerly the external sign 
of rauk or opulence. At the present day, thanks to the labors of men of science, 
^ man who wears the homeUest And cheapest garb, as to quality of fabric, loay 
yet wear it of the most tasteful color. Chemistry, however, is still making and 
will long, continue to make still fnrth^^r improvements in this art, as in otIhts. 
One of the latest acquisitions thus made by the secluded men of thfi laboratory 

M that of the much-v«.lued coloring material known as 

ft 

MURBXINB, (MURBXinaOTU.) 

This color is extracted from the uretric acid contained in tuine. • 
The ancient adepts, or alchemists, careftilly analysed that fluid, in which in* 
deed they sought uieir arcanum, and in the course of their experimenting they 
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produced volatile alkali, aud pbosplioretic ammonise natron. The last-named 
salt was probablj known to the ancients, and u^cd by them in soldering metals. 

The one aeld which now is so importantly utilued in urine* or rather in uric ' 
calcalif was found hy Schcole, in the year 177p, which are» for the most part* 

composed of tint acid, it self a component part of the urine of all carnivorovui 
animals, antl j)(Mh.i}).s of all animals having a renal secretion ;* bciuGr in thfi ex- 
crement of birds, buakea, aud even in that of caterpillurs, snails, ^c. 

Seheele remarked, that a solution of uric acid in acid of saltpetre left, when 
evaporated, a red sedimentt and would stain the skin a line red color. la 181S, 
Prout, by the acti<'!i of nnimonijc on a i?<»lulion of urctric matter in acid of salt- 
petre, discovered a material which he called " purple acetic animoniffium," on 
account of its splendid color. He tlms describes the process of producing, it : 
Pare acetic acid and acid of saltpetre are mixed with an eqaal yolame of water 
and gently warmed till solution takes place and strong fermentation is product 
The superfluous acid of saltpetre is then diluted wiili ammoni;tniiu and the 
whole r< (Uiced by c\'ai>oration. During the operation the color gradually 
changes from purple to red, and through numerous shades of dark red. Green- 
ish granular crystals are precipitated, which canilat of purpurie add and am- 
monienm. This reaction is remarkable, and so positive that chemists have 
long availed themselves of it to detect the presence of uretric acid in any orj^auic 
substance, for this ch iractcristic coloriug only takes place in the way mentioned 
and where uretric acid is present. 

Liebigand Wochlcr, iu 1837, also produced this hrilliaiit colored natter 
while experimenting on the changes of metric acid under theinfloence of oxyd- 
ating matter. It appeared in the form of small crystals, or short four-sided 
prisms, which when licM up to the sunlight appear of a rich g;amct-rcd color, 
changing, under a retlecled li^lit, to a greenish metallic splendor not unlike that 
of the wiug of a rose-chaflfer. Those chemists believing Prout to be mistaken 
as to the chemical compositjoo of this beautiful eolored material gave it the 
name of " mturexid," from mutrex, the purple snail. It is nx$ formed directly 
from the urctric acid, wliicli is first converted into aloxan and aloxantine by 
mean.^ of acetic s'lltpetre. Thet^o arc two colorless corabinntions of little dura- 
bility, but, acted upon hy uunnoniteum, they exhibit the purple-red coloring. 

Prout produced several compositions firom purpuric acid and other bases, snch 
as lime, quicksilver, and oxydc of zinc, and all such compositions were remark- 
ably beautiful in color. He also claimed thn^. some of those corapositionf? can 
be utilized not only in painting, but also iu the dyeing of wool and other tex- 
tiles, but his statement could not immediately be acted upon. In the first 
place, his description was so vague and gmieral that experiments often iailed 
when lia.'^ed upon it. Then the temperature, not less than the concentration 
of the fluid, is of great importance in producing the result, which often is very 
different even when the accurate prescription of LielM<^and Woehler 1< Aillowed. 
Moreover, in Prout's time the raw material was ia&utiicient for the producti(m 
of a largo and constant supply of this dyestnC It is true that, as we have 
stated, the uretric acid is fhniished by many species of hut it is ftir^ 

nishcd only in very small quantities. Man, for instance, secretes only about 
one-third of a drachra of it in twenty-four hours. The excrement of birds is dis- 
tinguished lor its great proportion of urctric acid ; it is part of the weight of 
dried pigeon's dung. But that could not be produced iu large quantities any 
more than the excrement of snakeii, wluoh eonnsts chiafly- of uzetrio^eidical 

salts. • 

_ _ \ , 

• Millions of dollars are annually paid for guano by the ftirmers on both sides of the Atlantic, 
yet they, for the most part, sufTer the urine of tboir live stock to sink uselessly into the ^rrtmira 
or to pollute nnd empoison the air, forf:^ctfin£j, if they ever knew, that f^uano is ori'v noro 
valuahlc than the manure of the farm-yard or the stable because birds have no unuary pas. 
sagOi and therefiare their fiscal excromettt wmtafin all the nwtde salts.— IWarfaiar. 
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H-eyen the chemiBts were insuffideally euppticd with the raw matorial, still 
less could it be procured for the purposes of industry. In Prout's time, the 
cost of a pound of nretric acid was from tliii ty-two dollars to forty-two dollars 
and forty cents ; it cau now be bought for from two dollars to two dollars and 
fourteen cents, though it is not in a chemically pure Btate. This great redne- 
iagoif which enables the manufacturer and arkiflan to be plantifallj supplied wiUi 
anuttddr is owing to the introduction of 

OUANO. 

ThiHi substance is imported from Peru into various parts of North America 
and Europe, at the rate of bctwceu one and two iioudred thousand tons per 
annioD. Crnano is fiiond in vast quantitieB in Peni and on many of the cuflfo . 
and islands in that part of America between the 13 th and Slst degrees of sonth 
latitude. It is the excrement of Bea-l)irclf!, and contains as mucli as four per cent, 
of urctric acid. In those regions the sandy soil could be but unprolitably cul- 
.tivated without the aid of guano, it is known that as early as the twelfth 
century manuring with gpano was practiced there. Under the Incas, gu^joo 
was considered so valuable that killing the young hirds on the guano islanda 
was punishable by death. 

Each of those islands had its supcrintendrnt, and each island was assi^ed 
to a particular province. From 6,000 to 7,000 tons were annually used in Peru 
alone ; and when Alexander von Hnmboldt was exploring Amoriea, there were 
as many as fifty small coasting vessels onployed exclusively in the transport 
of guano. Humboldt took some samples to Europe, where they were analyzed by 
Klaprotb, Fourcray, and Vauquelin. The celebrated traveller and writer also 
published what he had ieamcd as to the importauce of guano to agriculture, 
hut for some time his words remained unheeded. In Germany, Liebig's call 
upon the cultivators of the soil failed to stu- them into activity, and it is even 
now insufficiently used, even by England, whose severely worked land more 
than almo st any in Europe requires such a return of the elfun^^ntff of which 
years of grain-growing have deprived it. 

Liebig and Woehler were the fn bt chemists to experiment on guano. In the 
course of their inquiries on the subject of nretric add they had often been em- 
barrassed by want of msJterial ; thay therefore requested William Kind, an 
apothecary of Bremen, to procure them some, and in due season received a hun- 
dred pounds weight from Valparaiso. So much have agriculturists been enlig-ht- 
ened since that time, that, in several Eui'opean countries, guano is an article of 
considerable yearly importatbn, and the raw matmal of nretric acid is never 
wanting. And such is the potency of modem chemistry that guano, so highly 
offensive to the nostrils in its raw state, is made to yield some of the most deli- 
cate of the perfumes which ore used by the fair and the fashionable. A p:*eater 
contrast than that presented m this ca^e by the raw material and the article it 
is compelled to yield can seareely be imagined. 

The first attempts to reader the murexid available for dyeing purposes weie 
made by Sacc, in Alsace, that liij^h school of the art of dyeing ; and he puc- 
ceeded in giving to wool an amaranth color far more beautiful than that obtaijied 
from cochineal. This induced Schunbcrger to try a new course of experiments, 
ill whichi if he did not entirely succeed, he at least ascertained that white tex- 
tures coidd be thus dyed both handsomely and durably. Sacc maintained on 
. this occasion that the coloring matter of the cochiueal, the kerroes, &c., has 
some connexion with murexid. lie claimed to have discovered that birds, and 
especially those of brilliant plumage, the parrots, for instance, while they are 
moulting^ secrete scarcely a distinguishable trace of uretric acid, but secrete a eon- 
sidmhle quantity as soon as they recover their full plumage. What, then, 
becomes of the uretric. a^ nfh^ it is no long^ excreted from the bo^l 
26 8 
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May it not be metamorphosed into some other gabstatuseirhieli, likeibealloxaar 

is cap;ililt' of dyein;^; tlic fnatht rH ? Tlip?e questions ^ro only suggested, and 
we are uot as VLt able to supj»ly tlio answers; but tliit* liypotlicsis, if adopted 
with regard to birds, must also be extended to reptiles, insects, &c. 

The mnrexid is now a &Torite dyebg material, strongly competing even -widi 
eochineaL Germany, as nsnal, was the \nA to adopt it. In a new and little 
known process mistake? aro qitito natural. When tliis new dycstuff first made 
its appearance as an article of trade, under the names of purple carmine, purple 
murcxidq, or paste raurexide, it was in the form of a dirty-biow u pulp. Though 
it sold as high as $i 80 to $6 the ponnd, it was a very inferior quality*' 
and in many cases contained not more than from fonr to five per cent, of the 
murexid. Of course, this inferiority arose from imperfect prepamtion. 

To extract uretric acid from guano, the latter must be, moistened with diluted 
acid of salt, and warmed. The calcareous salts and everything soluble in water 
or acids is removed, while the nretric acid, with a not inconsiderable quantity of 
sand and other adulterations, remains. The well-wa,shed residue is then put, 
in small quantities, into acid of saltpetre of 1.45 specific gravity, and the vessel 
muft be kept cold. Only when tlie fermentation subsides should more uretric 
acid be added. By this procedure alloxan aud alloxantine arc obtained. But it 
ifmst not be forgotten, that, as it is impo.<<sible to hit upon the exactly correct 
quantity of the acid of saltpetre, we should always have a surplus of the acid 
at hand. It must be remembered, too, that very noxious fumes escape during 
the evaporation of the solution. Tlio above-mentioned chemical products of 
uric acid suffer a further decomposition, and form combinations destitute of 
murexid. To avoid this, it is necessaiy that to the solution of uric acid and 
acid of saltpetre there should, during the evaporation, he an addition of ammo- 
nsenm. Murexid may be formed Avithout that addition, hut always at the ex> 
penso of the alloxan and alloxantine ; for if the amraonoeum be absent during the 
evaporation, the mlloxan aud alloxantine are requiretl to .'jupply ItA place in the 
chemical production of mmrcxid during the evaporation; and, moreover, the 
decomjj^ition just spoken of continues, and we run the risk of having the 
murexid destroved i - f t i ^ foi-med. 

' The murexid must not be sufTered to crystallize; the solution is to be evapo- 
rated only to the conj^i^tency of a pulp. In the whole process there should be 
the utmost care observed that only the purest and best murexid be produced. 
The high price of the ^ure article would be more than compensated by its 
greater etlicacy in djemg. All textile fabrics, silk, wool, cotton, and flax, 
may be tlyed with murexid, which is also used in cotton printing. Truly splen- 
did colors are obtained by using the oxinuriatc of mercury as the adhesive 
medium. We are obliged, however, to confess with regret that the murexid red 
cannot compare with the ancient purple as to durability. Samples on which we 
experimented with the usual re-agents lost their colors, however beautiful. Wo 
do not speak of such re-agents as the corroding alkalies and potent mineral acids 
which would atlect, aud in our experiments did afYect, black no less than murexid 
red. But this latter faded under the application of even weak vegetable acids, 
Bueh as vinegar, lemon-juice, &c., and even perspiration left visible traces upon 
the delicate tincture. Here, no doid)t, are considerable defects; but it is to he 
remembered that the whole art of dyeing with murexid is as yet in its infancy. 
Even the ancient purple was not indestructible, and in the present day the 
public demand is not for indestructibility, but for clieapness. If the color please 
the eye and the price per yard be low, little is thought about the durability of 
the article. Time and the progress of chemical science will doubtless remedy 
the defects spoken of, since there can be no question but that this color is sus- 
ceptible of great improvement. Tf the murexid be precipitated from its solu- 
tions by metallic salts, as, for instance, oxymuriate of mercury, or aalts of lead 
or sine, very beautifiil lac colors are obtauied, which con . be used for the paint- 
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ing or printing of paper-hangings j and quite a new field is opened to the dyer 
aim inrinter textile fabrics dj the affinity of thto coloring material for varioiiB 
metallic salts. Not onlj several beantiM xhades of red can be produced with 

itf but also yellow, hhw and violot. 

And thus it is that our gober and utilitarian day steals one by one itsi p;lArie?' 
from hoar antic[uity. What the mightiest and haughtiest magnates of the oidon 
day claimed as their ezeliiBiye priyilege has now become common proper^ to 
tiie hmnblest as well as to the Highest. A striking: proofp this common pro- 
perty in beautiful colors, of the superiority of the present age in its utilitarian 
tendendcs to that antiquity which we so hifrhly, and, in a purely apthctic point 
of view, go justly, glorify. The animals which supplied the ancients with their 
costly purple are perfectly known tons and easily obtainable, but we cast them 
asidOf because we can more readily obtain our ot^eets by other means. Whether 
the murexid be the very "purple" of the ancient? is a question fairly open to 
discussion; but that it if" so is hr no means impr b iMe. We know that uric 
acid is a constituent of the common snail, and, it is not unreasonable to suppose, 
of the purple snail also, though the fact be not experimentally proved. Putre- 
fied urine, added to the fluid of snails, fiunishes ammonia; so that the ingre- 
dients for the formation of murexid are certainly present. 

Should the murexid red be still supposed inferior to that resplendent purple 
which the old %vriter« fo eloquently extol, let it not be forg'ottcn lliat the skill 
of the dyer was of uld iimut il almost to that one really epleudid color, and 
tiuit our modem wealth of gorgeous colors and delicate tmts was thdn not 
dreanied of. Gould we place our murcxirl, however, side by side with the true 
Roman purple, the former probably would not lose by the comparison. The 
glories of antiquity, like the prestige of our modern great men, might lose not 
a little of their iiiuiiioa were we placed in closer contact with them« 
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Tbk dlfficiilties in die presemttiott of soflfk^eal eoUectioiii genenUj atiia 
from two causes, namely, moisture and deetruetive insects. 

To guard against the eflfects of moisture requires so little ingenuity tliat I 
sliall merely allude incidentally to tho necessity of drying the Bpecimena well 
at lii.^t, and then keeping them iu dry places. 

The greatest of all di&culties tu guard againat* jpwrticolarly in this country, 
18 the voracity of the destrnctlye inaeots heloo^ng to the entomological familiee 
of Dermestida and T^neida. These are the worst enemidB of the 20i>logical 
curator, as well as the fur-trader and careful housewife. 

Tifiea tapetzella, the clothes moth, which troubles the housewife and the 
clothier, does not disturb the entomologist ; conseg^uently the whole of this 
fiunily may here be passed bv iu silence. 

Dermestes Zardbrut* (the 'boeon beetle) and musa'orum {mvL&eum 

beetle) and their con<;eners are the great depredators. In the time of the 
Pharaohs of" Egypt they destroyed the mummies which were hiteudod to last 
througli all lime, and now in our day they destroy the specimens with which 
we hope to enlighten posterity. As they have hem known for centuries, nn- 
merous poisons and yarioiu devices have been resorted to in order to destroy 
them, l)vit they remain &'> numerau? as ever, being naturalized and abundantly 
propar^ated wherever man has made lii.i rcstinj^-place on the earth. 

lu early life I was a devoted student of nature, an industrious collector of 
specimens, and a somewhat expert taxidermist. It is, however, needless to 
record the fact that I lost my specimens* like others, almost as fast as they 
were collected, and, as a last resource, I wa-s compelled to undertake a can ful 
study of ihe habits of the enemies witli which I had to contend, in orfk r to learn 
the meaus of subduing them. I early fouud tliat substances coutaiuiug albu- 
men or gelatine standout little chance of escapii^ the ravages of the jSermes- 
tidat and must ba dentroyed, .sooner or later, by their attacks, whether moist <v 
dry, unless chemically changed in character, or kept by some mecham'cal ar- 
rangement beyond the reach of the insect. I say chemically altered, because, 
as in the case of gelatine soaked in corrosive ^blimate, the coagulation of 
the material* which is a chemicd change* so alters the matter as to render 
it no longer a proper food for the inseet The means of proteetSng, therefore, 
must be adapt eri to the kind of specimens to be preserved. Our present object 
is pnncipaliy to describe a successful experiment in preaerying lA^neUfpterot and i 
to this subject wo shall chiefly confine our remarks.. ' 

The vapor of camphor, and the essential oils generally, are sickening or fatsl I 
to the peotect insects of Uie family Dermettid<e, but have little or no e&ct iip<Mi ' 
their ^gs or larvae ; consequently, aIthou<^li these perfumes in close cases are I 
useful to keep out the parent insects, they will not destroy the progeny after a 
lodgement has once been attained. The several species of this family, unlike 
most other insects, have no fixed period or season ror depositing thdr eggs, and 
eonseqnently require to be vigilantly guarded against at all times. They are 
about one year in attaining their full growth, in which time they cast their skins 
four or five times. Their feet, though armed with claws, are unfit to climb on 
a hard .smooth substance like that of clean polished glass. They spin no silk, 
and therefore cannot* like many caterpillars* construct a fibrous ladder to climb 
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vp the same surface. Upon these simple facts I based plau for die p rcBerv a^ 

tion of Lepidoptera as long ago as 1S28, and Fince then no Bpedmem which I 
have wished to preserve hiia been touched by Dennestcft. 

For collecting insects I have generally found the case described by LcVal- 
liant» doling his travBb in Sonth Africa, the niost convenient. This principally - 
conflistB of a hoix. fiUed with perpendicniar slides covered with cork, to whicli 
tho specimens are pinned, and i liorizontal drawer at the l)Oltora to receive any 
epechiaens which may be didinigaged from the slidc:^ during transportation, and 
thus preventing it from damaging thoi^c which remain on the slide. The spaceii 
between the sKdes being all open below, a single bag of camphor pkeed in the 
drawer will diffuse its vapor through all the compartments, and thus prevent the 
attack of antp, roaclios, and other largo ini^octs u fiich prey, oppocially in tropical 
countries, on tlie fresh specimens. By placing- the speciinoim on tin? perpen- 
dicular slides, tile-foshion, I have found that double the number could be ac- 
commodated, while additional secarity was gained by this anangement from 
the danger of the loosening of the pins by the joltiii L,^ of the box. 

In tlic preparation for the oabinot I begin by pinning the Bpocimens to he 
preserved in the order in which tiiey are finally to be preserved on the bottom 
of a shallow box, lined with a thin layer of cork, or, better, of balsa-wood, which 
is easier penetrated by tlie point of the pin. This box most be of pzeefeelj the ' 
same length and breadth as those which are to form the permanent cos e a of the 
eabincit. When the spocimfMi-j have been ar- 
ranged in the order to suit the raste, and so that fff n r ^ , 
one may not overlap the other, the box, with its i''^fP||^|! 
contents; is transferred to an oren, which I also ' ' 
invented in 1828 for this special object, but 
which has since been used, generally by chem- 
ists and others, for a variety of purposes. It is 
surrounded and heated by boiling water, the 
temperatnre of wfaseh is sniBciCBt to kill the 
eggs and the larv» of ^ Dermettett bnt is not 
sufficient to injure the specimens of butterflies, 
moths, &c. The specimens are kept in this oven 
several hours, or during the night. (See Fig. 1.) 

After the specimens have been sufficiently 
balsed I lay a clean pane of plate glass imme- 
diate^ over the specimens, whicli, resting on 
the perpendicular sides of the liox, does not touch them. On the upper side 
of this glass plate, face down, and directly over the pin securing each specimen, 
I attach, with fish-glue, (isinglass,) a cucular piece of paper, about a quarter 
of an inch in dianwter* containing a printed number. The siae of the glass 
plates which I use, rad find most convenient, is eight and a half by ten and a 
half inches. It is commonly imported, and used for cheap mirrors. It must 
be cleaned with dilute nitric acid, or the sor&ce will be liable to become ^oggy 
iu damp changes of weather. 

Next emidl cylinders of ooik of 1^ same diameter as tlie papers oonftain- 
ing the numbers, and just large enongh to support the qpecinens, are cemented 
to the glass plate directly on the top of each of the paper numbers. The cement 
used for this purpose is composed of about equal parts of resin, beeswax, and 
chrome green, melted, for convenience, over a nursery lamp placed on the table 
beside me. The pieces of cork are dipped into the c ompositi on, and while the 

Sortion of the latter which adhevea is still liqtdd, they are attached to the glass 
1 their proper positions. 
The next operation is to attach the plate glass to a wooden frame, thus form- 
ing a shallow box, of which the elass plate will be the bottom, having the 
nambani aond coik mpporta on the nuMr slda. This ftwie is made of strips of 
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Fig. 2. 




white pinQf rasdy planed hj the carpenter, to the dimengions of one inch and 

an eighth in width, and three Bixteeuths of an inch in thickness. 
These slips are cut to the proper length, and fastened in the form 
of a rectangle by common pins at the corners, as shown in F^. 2. 
Preyions, however, to fiHnnmg the aUpa of woodinto firames, they 
are coated on all sides with tinfoil, which is attached hy means of 
the cement above described, omitting the coloring matter. 1 find 
it convenient to keep on hand while preparing these cases a supply 
of tinfoil, coated on one side ready, when required, to be cut into 
slips of the proper size. The'eoalaDg of cement is put on hy means of a hrnsh 
dipped into the melted material. 

Another plan, find I believe the bept one, is to have the cement enclosed in a mus- 
lin bag* which may be tied to the end of a short stick ; the tinfoil id to bespread out 

on a hot iron plate, say the top of a stove, when the 
bag eontaining the cement is mhoed over its snrfiuie, and 
the heat being snfficient to melt the wax and resin, the 
foil may be evenly coatetl, and on removal from the hot 
metal plate, as it cools quickly, may then be rolled up 
aud kept in readiue&s to be cut in suitable pieces for use. 

F^. 3 exhibits a box thus formed, of which ettbtC 
d are the wooden sides covered with tiufoil, and e the 
glass plate, on the inside of which are placed the paper 
numbers covered by the cork supports. The next step 
in the process is to transfer the butterflies iu the pre- 
liminaiy box to their several suppprts on the glass plate, and to securely pin 
them to the cork so as not to foil iM in the ordinary handling of the cabinet. 
After this the box is to be permanently closed with a glass cover of the same 
dimensions as the one which forms the bottom, and the whole fastened air-tight 
by mcaus of the tiufoil. By this arrangement the specimens are hermetically 
sealed between two parallel panes of plate glass, which allow the nnder as 
well as the upper surfaces of the insect to he seen, while the whole is preserved 
from atmospheric changes and the lavages o{ insects. 

The cases containing the specimens are now furnished, so fiir as the means of 
preserving the contents are concerned, but this case itself requires to be guarded 

from injury and kept free of dust. For 
this purpose it is placed in an outer ca8e» 
which I prefer to make in th& form of a 
book with covers, which, on opening, ex- 
hibit the glass plates aud the contents of 
the case. Ou the inner surfaces of these 
ooven I writCy or print, the names of the 
specimens theidn contained. 

All the cases which form the whole 
cabinet are arranged in an oi-dinary book- 
case with glass doors, and when properly 
onamentea on the back resemble a series 
of large octavo volumes. The cases 
j« ^ should always be kept like books in a case, 

^* ' in an upright position, and never allowed 

to lie on their sides, except when in use. Tho reason for this will be obvious: 
the perfect Dermates might find a small hole in the tinfoil wherein to enter, or, 
deposit its eggs; but should the g^asa be upright;, neither the old nor the young 
depredators would be able to climb up to the specimens, which they pofudhly 
might reach if the case should lie on its side. 

Thirty-five years' expcrienco with cases made as above described has proved 
the correctD0w of the theoiy of their construction. 




Digitized by Google 



AN ACCOUNT 

OP 

A MHAMABLE ACCUHULAIION OF BATS. 



n WL PIOAmBBBB t lUnUO^ MDnSTEn rL|-Mi>()TCOTIA»T FROM POETIKIAI. TO TUB 

UNIT£D STATES. 



Ill the wmtffiTof 1859, having pnreliiuect the property known as Seneca Point, 
in the margin of the Northeast river, near Charleston, in Cecil county, Mary- 
land, we took possession of it in May of the next year. The dwelling is a brick 
structure, covered with slate, in tlic form of an _L, two storied, with garret, cel- 
lars, and a stone laundry and milk-lioufse attached, llaving been uninhabited 
for several years, it exhibited the appearance, with the exception of one or two 
rooms, of desolation and neglect, with damp, black walls, all quite unexpected, 
as it had heen but Tesy tlightljr examined, and was represented in goodhaoitable 
condition, merely requiring; porac few repairs and a littli^ paintinjj. 

The boxed, bundles, and other packages of furniture which had preceded us, 
laid scattered around and within the dwelling; these, with the exception of some 
mattresses and bedding for immediate use, were hastily arranged for nnjMckine 
and placing in order at leisure. The weather, which was beautiful, balmy and 
warm, invited us towards evening to out-door enjoyment andresl:, after a fati<^n- 
ing day of travel and active labor; but cliair.s, setters, and benches were s?carcely 
occupied by ub on the piazza and lawn, when, lo our amazement and the horror 
of the female portion of our party, small blade bats made their appeamnce in 
immense numbers, flickering around tlie premises, rushing in and out of doors and 
through opened windows, almost obscuring the early twilight, and cniisinj^ a 
general gtampede of the ladies, who tied, covering their heads with their hands, 
fearing that the dreaded little vampires might make a lodgement in their hair. 

This remarkable exhibition much increased our disappointment in resard to 
the habitable condition of our acquisition, and was entirely unexpected, inas* 
much as the unwelcome neiglibors were in their dormnnt staff :i'id ensconced 
out of sight when the property was examined previous to purchase. With 
their appearance, and in such immense numbers, the prospect of immediate in- 
door arrangement and comfort vanished ; the paramount the urgent necessi^ 
was to get rid of such a nuisanoe as quickly as possible, and the question was 
by what means could this be accomplished. Our scientific friends and acquaint- 
ances both in New York and Philadelphia were consulted, various volumes of 
natural history wore examined, in order to ascertain the peculiar habits of the 
rermin, but we derived no efiectual consolation from these souroes. One of 
our friends, indeed, sent us from New York an infallible exterminator hi the 
form of a recipe obtained at no inconsiderable cost : strips of fat pork saturated 
with a Fubth^ poison were t ) If hung up in places where the annoying '* crea- 
tures did most congregate' —oi this they would surely eat and thus "shuffle 
off their mortal coih" How many revolving bat seasons it might have required 
by this process to kill off the multitude^ the uigency of the case would not al- 
low us to calculate, fuid the experiment was therefore abandoned. 

Evening after e\^e?iing did wo patiently though not complacently watch this 
periodical exodus of dusky wings into light horn their lurkuig-piaces one alter 
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another, and in some instanees in oooplea and eiren trebles, aeoording as the siae 

of the holes or apertnrea from which they emerged in the slate roofing would 

permit. Their excursions invariably commonced with the cry of the " whip- 
poorwill " both at coming evening and at early dawn, and it wa-s ob.s<'rve(l that 
they always lirdt diiticted their liight towardh the river, undoubtedly to damp 
their motue-like snonto, but not their spirits, for it was likewise observed that 
they returned to play hide-and-seek and indulge in all otlier imaginable gam* 
bols ; when, after gratifying tlieir love of sport and pali.-jfying their vnracions ap- 
petiteH (a:^ the absence of mosquitoes and gnats testified) they would re-enter 
their habitation, again to emerge at the first sigual oi their feathered trumpeter. 
I thus ascertained one Terr important fact, namely, that the bat, or the species 
which annoyed us, ate ana drank twice in twenty-fbnr honrs.^ Sndl appeared 
their habit — .-^uch, therefore, was thf.-ir indispensable need. Upon ascertaining 
this fact, after having tried suffocation hy the fumes of brimstone with ouly 
partial success, I concluded to adopt a more efficient plan of warfare, and for this 
purpose eommeneed by causing all the holes, fuMmres in the wood->work, and aptt- 
tures in the slathig to be hei-metically sealed with cement. This put a stop to 
their egress, but to avoid tlieir dyingby starvation and deprivation of water, which 
would much increa.-e the annoyance by adding their dead to tboir living stench, 
I ordered apertures of about two feet s^mure to be opened in the lathed and plas- 
teied partition on each side <^ihe gnrret windows and also in the ceiling of 
evisry garret room ; lastly, when the bat'is reveille was aonnded by the bugle 
of the whippoorwill, all the hands of our estaUishment, men and boys, each 
armed witli a wooden implement, (shaped like a cricket-bat.) marched to the 
third fioor "ou murderous deeds with thoughts intent;" a lighted lantern M'as 
plaieed in the middle of one of the rooms, divested of all furniture, to allure the 
hidden 6om thdr atrongholds. After closing the window to prevent all 
escape into the open air, the assailants distributed themselves at regular dis- 
tances to avoid clubbing each other, awnU'"! the appearance of the bats, enticed 
into the room by the artiticial light and impelled by their own natural craving. 
The slaughter commenced and progressed with sanguinary vigor for sevend 
honra, or nntil brought to a etose by the weariness of dealing the blows thai 
made the enemy bite the dustt and overpowered by the hcaet and closeness of 
the apartment, 'i'his plan gncceeded jierfectly. After a few evenings of simi- 
lar exercise, in which the batteurn became tjuite expert iu the use of their weapon 
every wielding of the wooden hat bringuig down an expiring namesake, the 
wtte terminate by the exterminatien of every individnal of t£e enemy in the 
maiw building. However, there still was the cock-loft of the lannday, which 
gave evidence of a bn ge population. In this ca*?e I had recourse to a plan 
which had been recommended, but was not carried out in regard to the dwelling- 
house, i employed a slater to remove a portiou of the slating winch required 
repairing. This process discovered some fifteen hnndved or two thonsand batSf 
of wliich the larger number were killed, and the surviving sooght the bam, trees, 
and other places of concealment in the neighborhood. 

In the main building nine thousand six hundred and forty bats, from actual 
counting, were destroyed. This was ascertained in the following manner: after 
tfie battling ofeaeh evening tbe-de«d were swept mto one comer of' the room* 
and in the moiiiing, before removing them to the manure heap, they were care> 
fully counted and recorded ; many had been killed before and some few after 
the reckoning was maxle, and were not included in it, nor were those killed under 
the adjoining laundry roof. The massacre commenced by kilUx^ fewer the first 
etaings, the nnmber iftcressingsifd theifr diminslKfaiff toi*-ardB>the end, bat it was 
gitaenifiy from fifty or ai hundred, up to six hmmred and fifty, the highest 
mortality of one evening'*^ work, dwindling down to eight, five, three, and two. 

This jipf^rie" of bat is generally small, black, and very lively ; some smaller 
than ihe ordmary sii&e were iottnd, probably young ones, and oao <» two krger, 
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snppofled to be graiidfalihers» of a radduh hat, wUeh was tboiiglit to be from 

age. These vermin are generally more or less covered with a small-sized bag 
not very dissimilar to the common chinch, but of a different species. As pre- 
viously stated) the bat has a very disagreeable odur, which also pertains to its 
ejection. 

Tbe manure as well as the bodies of the slain was u^ed to fertAiae the flower- 
ing and vegetable garden, and thus, in some degi-ee, they served to compensate 

lis for the annoyrtnee to which W(? had been subjected. The mannro, liowever, 
requir(Hl to Ix' applied with caution, dincc, if used in too large a quantity, it ap- 
peared to burn the organism of the plants. 

To vemoire tbe very disagreeable odor whicb remained in the npper part of 
the house* various kinds of disinfectants were employed with some advantage ; 
but the most effectual method resorted to was that of opening holes of about 
lour inches square, two at each gable end, to permit a ourrent of air to pass 
through. These holes were covered with iron gauze to prevent the re-entrauco 
of any of the remainder of the army of the enemy whi<m might hover aroond 
the premises, ^t the end of five years the odor has now nearly disappeared, 
behig barely perceptible during a continuance of very damp weather. 

[The fact mcMtioued above of the numerous parnpitey infesting bats is perhaps 
the most revolting: feature in these creaturcB. I'he enormous population of 
Acari found upon their bodies is due to the great generation of animal heat in 
their dose haunts, a condition conducive to a rapid increase of all kinds of ver- 
min. In this country the common bed-bug (Cimex Icctularu) is frequently 
found upon their fur. The entrance of a bat, with its preciou.=! burden, into the 
open window of a farm-house is the solution of that frequently pro])ounded 
question of tbe despairing housewife, "Where can the bugs come from V'\ 
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ENGLISH WEIGHTS AND MEAbUllES 

AVOIRDUPOIS. 





Grains. 




Oonoes. 


Lbs. 

* 


Qis. 


Cwt. 


Tons. 




1. 
27.3.1 
437.5 
7000. 
196000. 
784000. 
15680000. 












■ > 




1. 
16. 
256. 
71 OS. 
28072. 
573440. 














1. 
10. 
448. 
]7i»2. 
35840. 












1. 

28. 
112. 










J 

4 

m 
• 






Cwt 


1 
20 











Grains. 



Dwts. Ounces. LU. 



Grain 

Ounce 

i'oimd , 



1 

24 

4-0 
&700 



♦ 1 

20 I 
240 



1 
12 



1 cubic inch of distilled watert in air, at 62^ F... 
1 cubic inch of distilled water* in vacuo, at 63^ F. 



1 gallon 

1 pint 

1 tluid ounce 

1 litre 

1 cubic ccutimetre. 
1 cubic inch 



, =253.4«56 gr. 

=252.732 gr. 

Cubic inebes. 
:277.276. 

34.G.39. 
17329. 
= U1.U24. 
: 0.061024. 

! 16.3n37 cubic centimetres. 

1.00000 paiU of gaa at 32 F., 29.922 bar., (also at 32°,) become, at 60^ F., 
bar. 30 inches, (also at 60°) n: 1.05720 parts. 

FILANOE. 

MBTRICAL 8Y8TBM NOW IN USB* 

fl 

Eoft^lish talus. 

Mmimetro, (1.000th of a metre) 0.03937 inches. 

Ccntimctrp, (100th of u metre) 0. 39371 inches. 

Decimetre, (lOlh of a metre) 3.93708 iuches. 

Metre,* (unit of length) 39.3708 inches, or 3.2809 feet. 

Decametre, (10 metres) 32.809 feet, or 10.9363 yards. 

Hectometre, (100 metres) 32S.09 feet, or 109.3033 yards. 

Kilometre, (1,000 metre?) 1093.03 yards, or 0.62138 miles. 

Myriamctrc (10,000 metres) 10936.33 Varda, or 6.2138:^ miles. 



* Tho metro in a tcn-millionth purl of the quadrant of the mci idlan of tbo earCh, <ir,in ottsr' 
iTOfds, thetearmillloiitbpaiAof tlie distance Irom tlie equator to tliepolc. 
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SURFACE. 

English valne. 

Oentiare, (100th of An arot or a square 

metre) 1.1960 Bquare yards. 

Are, (equare decamotro and unit of sur- 
face) 119.6033 square yds., or 0.0247 \ 

Decare, (10 ares) 1196.033 square yds., or 0JS474 acres. 

Hectare. (100 ares) 11960.33 square yds* or 2.4736 aoies. 

cAPAccnr. 

Millilitre, (l.OOOtb of a litre, or cubic cen- 
timetre) 0.0G103 cubic iuches. 

Centilitre, (lOQth of a litre) 0.61027 cubic inches. 

Decilitre, (10th of a litre) 6.10270 cubic inches. 

Litre, (cubic decimetre and unit of ca- 
pacity) 1 610.2705 cubic iuches, or *?.'J0 10 galls. 

Dccalilrc, (10 litres ) 61.0ii7U5 cubic inches, or 1.7G0S pts. 

Hectolitre, ( 100 litres) 3.53166 cubic feet, or 22.0097 galls. 

Kilolitre, (1,000 litres, or cubic metre.). 35.3 1058 cubic feet, or 220.0967 galls, 

Myrialitre, (10,000 litres) 353. 1658 cubic feet, or 2200.9667 galls. 

SOLID. 

Decistere, (10th of a stere) 3.5317 cubic feet. 

Store, (cubic metre) 35.3166 cubic feet. 

Decastere, (10 stores) 353.1658 cubic feet 

WEIGHT* 

Milligramme, ( 1 ,000th of a gramme) . . . 0.0154 grains. 
Centigramme, ( 100 th of a gramme) . . • • 0.1 544 grains. 

B6cigramm^ (10th of a gramme) 1.5440 grains 

Gramme, (unit of weight) ..«• 15.44 grains. 

Doca^'raramc, ( 10 grammes) 154.4 grains. 

Hectogramme, (100 grammes) 1544 grains, 3.2167 oz. troy, or 3.5291 

oz. avoirdupois. 

Kilogramme, (1 ,000 grammes) 32^ oz. troy, or 2.2057 lbs. avoirdupois. 

Myriagramme, (10,000 grammes) 321§02. troy, or 22.057 ibs.avoirdupois. 

Value of millimetres iu E/iglush inches. 



Millimetres. 



] 
2 
3 
4 

5 
6 
7 
8 
9 
10 
15 
20 
25 
30 
35 
40 



Englisb Indies. 



0.03937079 

U.liaii237 
0. 15748316 

0. 19C85395 
0. 23622 174 
0. 27551)553 
0. 31-1'.)!jO:W 
0.3.'»4>J7ll 
0.39370790 
0. 59i>5 
0. 7874 
0. 'J842 
1. 1311 
1.3779 
1.5748 



MUlimeties. 



45 

50 
55 
'60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
116 

lao 



EuglisUinelMs. 



1. 
1. 
2. 
8. 
2. 
2. 
2. 
3. 
3. 
3. 
3. 
S. 
4. 
4. 
4. 
4. 



7716 

{m 

1(35 
363 
559 
750 
U53 
149 
346 
543 
740 
QIW 
134 
331 
529 
744 



MUUmetres. 



125 

130 
135 
140 
145 
150 
155 
160 
105 
170 
17.^ 
180 
185 
190 
105 
)t00 



English iuches. 



4.941 
5. 118 
5.315 
5.512 
5.708 
5.906 
6.103 

6. 

C. 49t» 
(3. 093 
6. 890 
7.087 
7.284 
7.480 
7.677 
7.674 
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TaiiUfor the mvernanaf degrees of CcntigraAt thermometers vUo ihoH ^ 

FahreiiheU*9 scale. 





'All* 








X ■u* 






— 1(>0 


—148.0 


—19 


—56.2 


8 


35.6 


53 


127.4 


— 99 


— 140.2 


— 48 


—54.4 1 


3 


37.4 


54 


129. 2 


— 96 


—144. 4 


— ^17 


—52. 6 


4 


39.2 


55 


131.0 


et0v 


—112.0 


—46 


— r>(». 8 


6 


41.0 


56 


132.8 


Art 

— 96 


—140. b 


— 15 


—49.0 


6 


42.8 


57 


134.6 


A^ 


— 130.0 


— 44 




7 


446 


58 


1:J6. 4 


— 94 


—137.2 


— 13 


—45.4 j 


8 


lo. 4 


59 


. 138.2 


— U'J 


— Mi.'. 4 


—42 


—43.6 


9 


48.2 


60 


140.0 


~ 92 


—133.6 


—41 


—41.8 


10 


50.0 


61 


141.8 


— 91 


— i:ti. 8 


■ —10 


—40.0 


11 


51.8 


68 


143.6 


— 90 


— i:>it. u 


— :i9 


—38. 2 


18 


53. 6 


63 


145.4 


— 89 


— 12H.2 


—38 


—30. 4 


13 


55.4 


64 


147.8 


— 88 


— I'JC). 4 


—37 


—34. 6 


14 


57.2 


65 


149.0 


— 87 


— It: 1.6 


—36 


—32. 8 


15 


59.0 


(Mi 


150.8 


— 86 


—122. 8 


—35 


—31.0 


16 


60.8 


67 


152. 6^ 




—121.0 


—M 


—29.2 


17 


O J. C 


G8 


ir4.4 


— 84 


—119.2 


—33 


—27. 4 


18 


01.4 


09 


150. 2 


— 83 


—117.4 


—32 


—25.6 


19 


60.2 


70 


158.0 


— &si 


—J 15.0 


—31 


—23.8 


80 


68.0 


71 


159.8 


^ 81 


—113.8 


—30 


—22.0 


81 


69.8 


72 


101.6 


— 80 


—112.0 


—29 


2 j 


22 


71.6 


73 


163.4 


— 79 


—110.2 


— 2B 


—18.4 1 


23 


73.4 


74 


165.2 


— 78 


—108. 4 


—27 


—16.6 


84 


75.2 


75 


167.0 


— 77 


— 106.0 


—26 


—14.8 


25 


77. 0 


76 


168.8 


— 70 


—104.8 


—25 


—13.0 


26 


78.8 


77 


170.6 


— 75 


— 1U3.0 


—24 


—11.2 


27 


80.6 


78 


178.4 


— 74 


—101.2 i 


—23 




28 


82. 4 


79 


174.2 


— 73 


— 99. 4 


—22 


~I-S 


29 


84.2 


80 


170. 0 


— 72 


— It7. 0 


—21 


— 5.8 


30 




81 


177.8 


— 71 


— 95.8 


—20 


— 4.0 


31 


87.8 


82 


170.6 


— 70 


— 94.0 


—19 
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